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and R« may be combined ^g^f ^J to for^^^^^ qJoup by oxygen, sulfur or alkyi substituted nitrogen atom(s). 
one or more methylene groups of the cycioa kyl S^'^^P ^ f ' . benzofuran ring, then R*^ is absent), 
provided that when the ring formed by combmrng R and R '^f^'^M^ TlZ^^^ arteriosclerosis. 
This compound has a highly selective antioxidant effect and is useful as a remecy 
myocardial infarction, and so forth. 
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[TECHNICAL FIELD] 

This invention relates to compounds for preventing the oxidative modification of LDL particularly to 
comZnds tsl, as therapeutics of arteriosclerosis, myocardial infarction and other ,schem,c d.seases^ 
MoTspedficall the invention relates to compounds represented by the following general formula I), as 
reTas?ompo!!;drr% by the general formula (.1) which are useful intermediates for the synthes.s 

of compounds (1): 
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(Where is a hydrogen atom or an acyl group; is a lower alkyi group: R3 .s a hydrogen atom or a lower 
iTkvTQroup R* R^ and R^ which may be the same or different, are a hydrogen atom or an opt.onaMy 
f llmutd alkvi alkenvl alkynyl or aryl group; R^ and R*. when taken together, may form a 5-membered 
•no Tand R^ - ^-"P ^ ^ ^heterocyclic group in which at least 

o methylene ^n the ring of a cycloa.ky. group is substituted by an oxygen atom a s " ^ or a^^^^ 
substituted nitrogen atom, provided that R^ is not present if the ring formed by R^ and R taken together 
a benzofuran ring); 



t-Bu 

AO^ Jl /CCH2)n,-CH0 




(n) 



40 



(where R3 has the same meaning as defined above; A is a protective group: R" is a hydrogen atom or a 
lower alkyI group; and m is an integer of 0 or 1). 

45 [BACKGROUND ART] 

Atherosclerosis is one of the principal causes of ischemic diseases such as angina pectoris 'myocardial 
infarct and cerebral apoplexy. The mechanism of initiation and progression of atherosc eros.s .s closely 
eSed tothe oxidative m'odification of LDL. The modified LDLs are not recognized byJ^^^^L^^^-^^^^^^^^^ 
by the scavenger receptor, to induce the foam cell formation which .s characterized by cholesterol 

T^le moSification of LDL is caused by endothelial cells, smooth muscle cells, macrophages, eta and the 
.od^^d LDLS at^ventually taken by Macrophages via the scavenger or °ther P^Jh^^^^^^^ 
knr^wn that the modification of LDL by these cells is similar to the oxidative modification of LDL by Cu . 

LDrSrt^ercrp^^^^^^^ chdesterol esters, phospholipids and apo-B-100. oxidative modrfication 
of LDL i shown'from various aspects, for example fragmentation of apo-B-100 ''V^j^^ 
the reaction between the lipid peroxidation products and the free ammo groups in apo-B-100 ysme 
residues a^d trtransformation'of phosphatidyl choline to a lyso-form. One of the most established 
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phenomena in LDL oxidation is an Increase of thiobarblturic acid reactive substances (TBARS) as a result of 
the lipid peroxidation. Oxidized LDL. or LDL that has undergone such oxidative modification, causes the 
foam cell formation and the cholesterol accumulation by the scavenger and other pathways 

Under these circumstances, it is expected that compounds having the inhibitory action on lipid 
peroxidation can inhibit the initiation and progression of atherogenic lesions by preventing the oxidative 
modification of LDL and. hence, have the potential to worl< as therapeutics of arteriosclerosis 

In ischemic diseases such as cerebral apoplexy and myocardial infarction, various active oxygen 
species are generated during blood reperfusion at ischemic sites and tissue disorders can be exacerbated 
by the disruption of cell membranes and other effects caused by the lipid peroxidation. It is expected that 
compounds having the anti-oxidative activity can prevent the tissue disorders in ischemic lesions by 
removing the various active oxygen species and lipid peroxidation and. hence, have the potential to work as 
therapeutics of ischemic diseases. 

Vitamin E is known as a natural antioxidant and studies have been made to develop synthetic 
antioxidants using vitamin E as the basic skeleton but no completely satisfactory products have yet been 
synthesized. 

Some of the compounds of the present invention which are represented by the general formula (I) have 
been reported m the official gazette of Japanese Patent Publication (kokai) No. Hei 2-121975. In which the 
generic concept of those particular compounds is expressed by the general formula (III): 




(m) 



(where is a straight or branched lower alkyi group having 2 - 4 carbon atoms; is a straight or 
branched lower alkyI group having 1 ■ 4 carbon atoms). 

Another part of the compounds of the present invention are described, by their generic concept in 
Japanese Patent Publication (kokai) No. Hei 2-76869. USP No. 4,966,907, etc. 

[DISCLOSURE OF INVENTION] 

An object of the present invention Is to provide antioxidants useful in the treatment of arteriosclerosis 
and other ischemic diseases such as myocardial Infarction and cerebral apoplexy, as well as intermediates 
useful for producing said compounds. 

We postulated that the reason for the inadequate efficacy of existing antioxidants such as the 
compounds described in the official gazette of Japanese Patent Publication (kokai) No. Hei 2-121975 was 
that their activity was lost before they reached the target sites. Because they easily react with various free 
radical species besides lipid peroxidation related radicals. Based on this assumption, we conducted 
interisive studies with a view to developing efficient antioxidants having higher reaction specificity; as a 
result, we found that the compounds represented by the general formula (I) attained our intended object. 
The present invention has been accomplished on the basis of this finding. We also found that the 
compounds represented by the general formula (II) were undocumented, novel compounds, which were 
useful as intermediates for the synthesis of the compounds represented by the general formula (I). 

It should be mentioned that the compounds of the invention which are represented by the general 
formula (I) have the following three characteristic features: 

(1) They are lipid-soluble antioxidants which inhibit lipid peroxidation efficiently: 

(2) While there are many species of free radicals that are involved in oxidation, the compounds react 
efficiently with those radical species which are responsible for the chain reaction of lipid peroxidation 
therefore they Inhibit lipid peroxidation intensely. 

(3) In order to develop the specific lipid peroxidation inhibiting action to be specific in lipids, the 
compounds have low reactivity for so-called "active oxygen" species (e.g. superoxides and singlet 
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Thr^omVordrofTrpTes^ invention which are represented by the genera, formula (I) have two t- 
butvl group?in both ortho-positions of the phenolic hydroxyl group and they are undocumented novel 

romoounds of the present invention are not described specifically In these patents. 

Troresent invention is based on the fact that the compounds represented by the genera formula (I) 
which harSo t bX groups in both ortho-positions of the phenolic hydroxyl S^^^P/'^'^'^'^^V ^^^^^I 
r«Ss S^an^hV compoun represented by the general formula (.11) and those descr.bed .n Japanese 
Patet PutJicaTon (koL) No. Hei 2-76869 and USP No. 4.966.907. as will be demonstrated by test cases 

"^'VX^^I!^^- the acyl group as may be exemplified by acety. form^ 
propLyl benzoyl, benzyloxycarbonyl. etc.. with acetyl being preferred. The lower alkyi 9roup as and R 
or R» riers to a straight or branched alkyl group having 1 - 6 carbon atoms, as exernpl.fied by methyl 
eth?i n^opyl i^mpv?. n-butyl. s-butyl. t-butyl. etc. The alkyl group as R^ R^ and R« refers to a straight or 
brancheS Si g^oup having 1 - 20 carbon atoms, as exemplified by methyl, ethyl, n-propy . 'JOPV'. 
buwf s but7 t-buty? pentyt hexyl. heptyl. octyl. nonyl. decyl. etc. The alkenyl group as R\ R^ and R^ 
"efl^; to rsUght o branched alkenyl group having 2 - 20 carbon atoms, as exemplrf-ed by vmyl. ally! 
buTeny peln^l, geranyl. famesyl. etc. The alkynyl group as RS R^ and R« refers to a straght or 
Sed alkyny' group having 2 - 20 carbon atoms, as exemplified by ethynyl. propynyl. butynyl. etc^ The 
branched a'^y"y;g^° ^ rs means a monovalent substituent that is an aromatic hydrocarbon minus a 
Z'l^^^L'^^eX^^^^ xylyl. bipheny,. naphthyl. anthryl. P~^^^^^^^^ Carbon 

atorris on the r inq of the aryl group may be substituted by one or more species such as a halogen atom, a 
fowTr X groTp a hydroxyl group an alkoxy group, an amino group, a nitro group, a trifluoromethyl group 
etrExtrJpfary substiLnts include a halogen atom, a hydroxyl group, an amino group, an alkoxy group an 
Sloxy group etc. The 5-membered ring which may be formed by R^ and R* taken together is exempted 
by ffuran ring and a dihydrofuran ring, which are taken together with the adjacent benzene ""9 ^^^^"^ ^ 
30 benzofuran nng and a dihydrobenzofuran ring, respectively. The cycloalkyi group which may be fo med by 
S and aken together refers to a cycloalkyi group having 3 - 8 carbon atoms, as exemplified by 
cvcloD^oDvl cydobutyl. cyclopentyl. cyclohexyl. cycloheptyl. cyclooctyl. etc. The heterocyclic group wh ch 

Er.e^'r» ^.p^-s:^^ijr.: 

tetrahydropyranyl. 2-trimethylsilyl)ethoxymethyl. etc., with acetyl being preferred. 
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[BEST MODE FOR CARRYING OUT THE INVENTION] 

The compounds of the present Invention may typically be synthesized by the following methods. 
(Method A) 
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(Method C) 
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CH2OH tBu 
I (8) <^49) 



CH2X 



tBu 

(10) 



" (Where X is a halogen atom; R and R'. which may be the same or different are an optionally substituted 
alkyi or aryl group). 
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(Method D) 
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(where A is a protective group). 
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(Method F) 
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IS (where A is a protective group). 
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(Method H) 
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tBiiX.tBu tBaT^tBu 

(38) 




tBu -tBu 




(41) 



Oa2 



tBusX.*^" ''"V^''" ^^"V^''" '""VY 



0 (CHz),, — 0 

(46) 

i 

OH OH 
tBu tBu 





(43) 



OH 



r6 
(42) 



so 



0 (CH2)» — 

(47) 



tBusj^^^tBu 
(44) ^'^CCHOi^ 



(where and are each a protective group; n (2-1) and (2-2) from the compound 

in method A. the reaction for producing the of formula (1) (see J. Org. 

Of formula (1) is carried out by adding 7f^3""°Xas ^^1^^^^^^^^^^^ ^ temperature 

faS^om^^'.^cT rrrrre ^^0^^ -ngle mixture. Conversion from formula (2-1) to 
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is oin::z\yZ~ ^^^^^ °^ (4) 

6 1988) and t-butanol in a solvent sucrar^i orlrn''^ °' ^hem.. 53. 4135 
. ■20'C to room temperature anrthen Jjirr^ng J,e .^^^^^ Cchloromethane at a temperature ranging from 

tetrahydrofuran. N.N-dimethy.forLmide t NkI ^^^^^^^^^^^ ^ 

»o as potassium carbonate, sodium carbon;te sorrhvdroS P-'esence of a base such 

■ 50 . C and then stirring the mixture. To Obtain rcomZn^ Z f TT '^^""""''^ ^ temperature of 0 

(6) . formylation is performed with a suitabr^aqent sucJ as « v > "'^ ^ """"^ compound of formula 

(7) is reduced catalytically to yield the como^d of ! ^^'^T^' ^^^9«"*- T'^^ compound of formula 
agent such as thionyl chloride or tWonyrbToS for rT"'^ """^'^ " ^^^^'^"^ '^'^ « halogenating 
turn, is processed as in method B TZ ZTn^^^ZT^^^^ °' -'^'^^ 

sub.ecrtrthrv^:;STar r^^^^^^ — (7,. the latter compound is «rst 

reduced catalytically to give the compound oMSZfn 2 lh^^ which is then 

typically by a reaction using triethylsilane and tr^SuoroLl!?' ^.'l^^°'"P°""d of formula (12) is reduced 

" nVobTn ;h"°^^^^^^ ~ - -^^^^^^^^^^ °^ 

cata^yJic^ra^rrcTr^^^^^^^^^^ - 'a- «s first reduced 

compound of formula (49). ^ ^ P-'Ocessed as in method B to yield the 

.a comprnrf1o^l^r6^X;^?drety,i^^^^ ^^Vdroxy, group to afford the 

of formula (17). The compound of ^orZa (ly^s tre^^^^^^ afford the compound 

propene in a solvent such as tetrahydrofuran N N ^mSh f . "'^ ^s S-chloro-S-methyl-l- 

the presence of a base such as sodium hydride po^^^^^^ N.N-dimethylacetamide or acetone in 

or potassium hydroxide to afford the compCd o?SmXl8 w^^^^^^ "^T^''' 

30 by heating in a solvent such as N.N-dimethylaniHnrtralrd ^"'^'^'^t^^ to rearrangement 

deprotected as required to yield the compZrof formuMS) °' "^'^'^ '"ay be 

(i7)irrh!div:~ hTdrru'ch^aVaTori °^ '^^-'-'^ ^''^ '""^ --^--'^ °^ ^--a 

solvent such as tetrahydrofuran' N.N dlet^ylforma^^^^^^^ the compound of formula (17) in a 

ence of a base such as sodium hydride. potassTur SbonL .o^^ °' P^^'" 

potassium hydroxide to afford the cLpounSTfrii? 2iT?hi^ ^^^^^'^^ °^ 

heating in a solvent such as N.N-dimethylaniline s^That in. f *° rearrangement by 
After catalytic reduction, the compound of forrn^^^^^^ 

affording the compounds of formulae (18). M^ L^io from ?hf ^ '^^^^ °' ° '"^ 
yielding the compounds of formulae (23) (aVand (25) compound of formula (17). thereby 

(22)'corprs t::^^^ ~. o^or^.. 

a Lewis acid such as boron trifluoride ethelate to ac on th« ..f t """T °' ^''=^"°'°"'ethane, allowing 

(17,rmres^~^^^^^ irr" inTdTh? °' ^ ^ — ^ --a 

thereof, adding N-hydroxymethyr2!chl3et^m 1 to J? '".v^''"*' ^'^^^'^ acid or a mixture 

temperature, stirring the'mixtJre t^aZd thrcorip^un^ ^» ° " ^O'C. preferably at room 

compounds in a mixed solvent system "rsisla of an^^^^^^^^ f"^"'^^ ^^^^ <2^>' ^f^e^^ 
acidic aqueous solution such as cone H(S htat no thf ..^J f T °^ «*anol and an 

converting the compounds Of formuM30)int^Srcolo^^^^^^ *? "^^^ ^^action for 

former compound in an acidic aqueous soluton a?^^^^^ ^ " "^""'^'^ 

preferably dissolving said compound .n an aaueo.^f^n. t f ^^"^*^*'^'"'"^' ^^ating the mixture, 
under reflux, then adding an Tqueous sirof h^^^^^^^^^^ T'" ^"^^ «°'"«°" 

The compound of formufa (3l)?sleaVd t ra Gr^,n^^^^^^^^^ '""""^ the mixture under reflux, 

to afford the compound of formula (32 or^i) S in Tu n t n v^"! '=°'"P°"nd and the like 

dichloromethane: a Lewis acid such as borS. trifluoride 1 '1^'""°'^" ^ ^"^^ as chloroform or 

t.e compound of formula (34, which ^X'Z^:Zl: Z^^^^^^^J^^ 
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TO produce «,e '""^"^'tc,'^ tte compound o. lo,™la (40) in a »lv«« such » 

bromo-3-cl>loropropane is f.rsl allowed lo »^ °" ' '^^ „ j,<^,„„, ,„ ,he presence of a base sucn 

»,rah,dro(oran. N,N^ln«.|.yl.orm.m,de "^^^^^^^ HSu" ^*<,,ia. or poBssi,^ hydroxide and. 
as sodium hydride, fotassium "^^''^.'f ^J^7™,„yed 10 obtain Ihe compound ol lormul. (41) 

-TSS:l7^^lZ:rr. aCr:rdT;1"o. dLUlraHn, « compounds 

I « i^:^i^K/ calArtivR antioxidants. 



of the invention are superb as highly selective antioxidants. 
The compounds under test were as follows: 
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tBu 




tBu 
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Comparative Compound 6 
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Comparative Compound 7 
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[Test Case 1] Amount of TBARS 

reactive substance (TBARS) was oroduced Thl tL," ''^^ ^"^"^^^ « t»i'obarbituric acid 

action With the amount Of TBAR?being :^^^^^^^ 'o^ t^'eir anti-oxidative 



35 



TBARS produced = 

TBAJ^S p roduced when samole was adde d 
TBAKS produced in solv^ent 



X 100(%) 



The results are shown in Table 1 . 
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Table 1 





Compound 


TBARS produced (%) 


5 




at 10"^ M of compound 


at 10"^ M of compound 




a 


52,2 


10.3 




b 


53.8 


R Q 




c 


55.3 


Q P 




d 


76.9 


9.4 


10 


e 


86.3 






f 


81 .6 






g 
h 
i 


82.6 


ft ft 
o.o 




74.0 
90.8 


1 U.D 

1 u.o 


15 


i 

k 
i 


93.1 


1 1 .D 




93.0 
11.5 


i i i 
1 1 .1 

ft 1 




m 


85.3 


n .o 




n 


76.2 


1 O.O 


20 


o 


91.2 


y .u 




p 


91.8 


22.0 




q 


97.4 


56.8 




r 


74.2 


30.1 




s 


75.7 


39.2 


25 


t 


81 .7 


68.0 




u 


87.7 


47.3 




V 


99.3 


80.3 




w 


71.3 


17.2 




X 


96.3 


42.1 


30 


y 


85.4 


72,3 




z 


77.5 


22.9 
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[Test Case 2] Effect Against Lipid Peroxidation by Autoxidation of Linoieic Acid 

using a cypridina luciferin analog (2-methyl-6-(p-methoxyphenyl)-37-dihydroimidazo[1 2-a]pyr^^^^^ 
nn« MC?A?as a sensitizer for lipid peroxyl radicals, the test compounds were evaluated for their nh.bitory 
eSect ao^r^sfthe geSo^ radicals by autoxidation of linoieic acid. A n-butanol solut.on 

T^J)col^^Q UC^^^^^ and linoLc acid (10 mM) was used in a chemilumlnescence measunng 

Tnd the TnZsity of chemiluminescence due to the autoxidation of linoieic ac.d was measured m a 
thermostatic bath at 37 • C. 



45 MCLA = 

Change in chemiluminescence intensity 

when sample was added ^ ^ 100(%) 

'change in chemiluminescence intensi ty 
50 when solvent was added 



The results are shown in Table 2. 
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Table 2 



6 


Compound 


MCLA (%) 


at 2 X 10""^ M of comnniinH 


ai ^ X 10 * M of 
compound 




a 


21 


2 




b 


24 


2 


10 


c 


18 


1 




d 


36 


2 




e 


23 


1 




f 


39 


3 




9 


31 


2 


15 


h 


33 


3 




i 


72 


5 




j 


66 


10 




k 


55 


4 




1 


24 


3 


20 


m 


24 


1 




n 


23 






0 


26 


1 




P 


44 


3 




q 


11 


1 


25 


r 


97 


68 




s 


78 


36 




t 


93 


41 




u 


83 


30 




V 


101 


15 


30 


w 


35 


2 




X 


13 


2 




y 


16 


1 




2 


10 


2 




a 


13 


4 



35 



[Test Case 3] Effect Against Fluorescence Generation of Rabbit LDL by AAPH 

n« y^M?- obls(2-amlnodlpropane)hydrochlorlde (AAPH) which was a radical Initiator for a lipid 

S LDL%^^lTnr" T-"'*^'' '"''''"^^y ^"^'^^ fluorescence generation in 

abbit LDL. Rabbit LDL was prepared in accordance with the method of Havel fHavel. RJ et al J Clin 
nvest.. 34. 1345 (1955)]: after addition of AAPH (2 mM). the mixture was warmed at 37^C or 24 h and LDL 
.5 rTarrrhl'f?'' ♦ 9el-permeatlon chromatography. The fluorescence intensity of LDL fraction was 
45 measured by fluorometry at an excitation wavelength of 360 nm and at an emission wavelength of 430 nm 



AAPH = 

*° Fluorescence intensity of LDL fraction 

when sample was added 

Fluorescence intensity of LDL fraction ^ looi*) 
when solvent was added 

55 

The results are shown in Table 3. 
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Table 3 
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Compound 


AAPH (%) at 10-* M of 




compound 


a 


8 


b 


1 / 


c 


16 


d 


49 


e 


42 


f 


63 


9 


66 


h 


42 


i 


27 


i 


2 


k 


65 


m 


45 


n 


46 


o 


31 


P 


70 


t 


85 


u 


78 


V 


72 


w 


39 


X 


31 


y 


84 



!♦ M T««t rases 1 - 3 Obviously show that the tested compounds of the invention had an 

Sfrl^^^nds of ^he invention show effective anti-oxidative actions in LDL oxidafon or l.p.d perox.dat.on. 
[Test Case 41 Effect Against Linoleic Acid-MCLA System 

The test compounds were evaluated for their inhibitory effect against lipid peroxidation due to the 

autoxidation of linoleic acid. 



45 



50 



Linoleic acid 


10 mM 


MCLA 


2uM 


1-Butanol solution 





normal chemiiuminescence intensity measurement was conducted about 2 4 mm later 
chemiluminescence substantially peaked. The results are shown in Table 4. 
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Table 4 



70 



75 



20 



Compound 


50% inhibition 




concentration (uM) 


Comparison 1 


62 


2 


54 


3 


54 


4 


42 


5 


41 


6 


19 


7 


7 


h 


Q 


c 


7 


a 


7 


q 


5 


f 


8 


m 


7 


n 


9 


X 


5 


z 


6 



[Test Case 5] Effect Against Xanthine Oxidase System (Superoxide Generating System) 





Xanthine oxidase 


0.1 U/ml 




Hypoxanthine 


400 uM 




Luminol 


400 uM 




Hepes buffer solution (pH 7.4) 


100 uM 



40 



45 



storeVfn^Trr n^^*""" ^11 ^'^^^'^"^ ""''"■"^ ^^^^^'^^^ ^nd luminol in the Hepes buffer solution and 
stored in ice until use. After warming the reaction solution at 37-C for about 10 mm fhl 1=1* 
started by addition of the xanthine oxidase solution. A measuSment wis strte^ rfghT afte^ thradd^^^^^^ 

ruDerox^df aener^t^d J *^\«'^P«'-""«"*«' '"odel. luminol-dependent chemiluminescence induced by 
rtrh^S^l"^^^ — - measured 



50 



55 
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Table 5 



70 



75 



Compound 


Chemiluminescence intensity {% of control) 






at 20 uM of compound 


at 200 uM of compound 


Comparison 1 

o 
£. 


23.9 
32.7 


6.3 
3.2 


O 


21 .9 


8.2 


D 


31 .9 


24.0 


7 


55.8 


17.5 


g 

a 


88.6 


104.8 


41.8 


26,1 


f 

m 


91.0 


102.4 


83.1 


89.8 


n 


100.3 


104.9 


X 


84.5 


85.6 




94.2 


110.2 


y 

z 


99.2 


107.5 
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[Test Case 6] Effect Against Lactoperoxidase System (Singlet Oxygen System) 

The test compounds were evaluated under the following conditions for their effect against a lactoperox- 



^® idase reaction system. 



30 



36 



40 



Lactoperoxidase 

H2O2 
NaBr 
Luminol 

Acetate buffer solution (pH 4.5) 



10 ug/ml 
0.1% 
20 mM 
400 uM 
100 ixM 



A reaCon ^ was prepared b, ^ixi.., ^^'^'^Z^.^ZS^^'S-'^^^'- 
a«a.a« bu«e, so„«ior, aruJ a.o.ed In tee "^J^ fcLfef AUaslmen. was s..r,«i right 

::;reSr„r,iro^^rr;£ri^Si^^^^^^^^^ 

the measurement of the reactivity with singlet oxygen. 

Table 6 





Compound 


Chemiluminescence intensity (% of control) 


45 




at 20 uM of compound 


at 200 uM of compound 


50 


Comparison 1 
2 
5 
6 
7 


77.6 
82.1 
95.3 
105.8 
86.2 


6.0 
15.1 
4.5 
8.1 
0.8 


55 


g 

a 
q 


97.0 
94.5 
104.0 


76.0 
56.6 
73.4 
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^o^^'Tn^o^^,!^^^^^ --P-cis having high hydrophobicity in 

such as superoxides and singtet ly^^^^^^^ ^^■'^^"^'^ °'^y9«" species 

with Singlet oxygen the tesrcomDoundi of thL ^^'"""'"'''y ^ "mentioned that in the system for reaction 

While there are many free radical spedes in oxida«^^^ "'^ responsrble for the lipid peroxidation 

[Examples] 

[Example 1] 

soaium hydrogen <»,tlMf drted ^f^ih?*! "as cashed wiO, a saturaed aqueous solution of 

» ito.e. , ,y,e,d, *L o.«i„^,r:;',„'rs. :^Tei^::rjKXyrsr 

2.4,6>Tri-ferf-butvl-5-hydroxvbenzofuran 

nn.p. 11 5.5 • C (fine-grained, pale yellow crystal) 
35 Mass 302(M+). 287, 57 
NMR {60MH2. CDCI3) 

?RTcm-., 364/.%96V ''^'''"^' ' ^•°'<^'^">- '■^^^■'^^ 

4,6-Di-terr-butyl-5-hvdroxybenzofuran 

m.p. 60.3 • C (fine-grained, pale yellow crystal) 
Mass 246(M+), 231, 57 
NMR (6OMH2, CDCI3) 

" ;S:S;'o '•<'«*'H-' = ^""'). ^^^.m 7.«,d.,H.J=..4H., 

[Example 2] 

Synthesis of 2.4.6-Tri.tert-B»tvl-5-Hvdrn xy.2.3-Dihvdroben.nfuran fComoound 

first at O-C for 15 min. hen arrfom tem^^^^^^^ ""^^ '""^"^^ 

^ eirjrrraS-yTr£™=~ 

cart,onata. dnad over anhydrous rr^gn jr sulfr.^d tr^^S^^r^J"^^^ °' """""^ 

.Ilea ga, ..^.^.^ .chloroform? ,o a«„d .,«-.««^rhrdCV3TCr"^^ 
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(yield, 76%)]. 

m.p 91 .4 -C 



(white needle; recrystallized from n-hexane) 
Mass 304(M+). 289. 57 

, .HNMR(60MHzCDa^^^^^^^ ^^^^^^^^ ^^^^^^^ 3.22(dd.2H.J = S.OHz.J = 1 l-OHz). 4.24- 
(dd.l H.J = 8.0HZ.J = 1 1 .OHz). 4.66(s.1 H), 6.67(s.1 H) 
IR (cm-') 3669. 2973 

10 [Example 3] 

cy..Hoc.. »f 4 fi-Di-ferf-Butvl-5-Hvdroxv-2.3-Dihvdrobenzofufan (Compound a) 

Methanesulfonic acid (10 m.) was added d^^'-" -^-'^ ^^^a^ g TstmXSbStyLTcohT. 
t>utv.-5-hydroxy-2 3-dih^^^^^^^ ^^^er^rng'S o'^^ —as poured into ice 

(10 g, 120 mmol) and ^^^'^^^ ^^jf of IN sodium hydroxide and subjected to 

,2,0 (yield. 6« ^^^^ ^^^^^^^ ,e„,.u„llzea ,ronn n-h»ane) 

Mass 248(M+). 233, 191, 57 
'^^Tm^'°''"%'2S.9H). 1.50(s.9H). 3.40(t.2H.J = 8.0Hz). 4.37(t.2H.J = 8.0Hz). 4.72(s.1H). 6.68(s.1H) 
IR (cm-^) 3623, 2969 

[Reference Example 1] 
30 Synthesis of 5-BenzvloxY-4-feff -Butvlbenzofuran 

r I nrr, rh*^m s'^ 4135 (1988)- 40 Q, 0.21 mol]. benzyl bromide (43 
4-ferNbutyl-5-hydroxybenzofuran [X^^^^^ ^^r;"!? were dSoTed in N.N-dimethyiformamide (200 ml) 
g. 0.25 mol) and potassium carbonate 28-8 9- 0-21 ^^^^^^ ^ff the N.N-dimethylformamide 

and the solution was stirred at room t^"^P«'^^":%*°^ ^^^'';„tre w^ to extraction with ethyl 



40 



45 



(yield. 83%)1. 

Mass 280(M+), 224. 1 89, 1 61 . 91 
m NMR (60MHz, CDCI3) 

S ppm 1 .57(S.9H), 5.06(s.2H). 6.86-7.43(m.9H) 

[Reference Example 2] 

Synthesis of 5-Benzvloxv-4-ferf- RNtvl-2-Formvibenzofuran 



so 



ss 



Hi^riHo 2 ml 0 29 mol) was added dropwise to N.N-dimethylformamide (17 ml. 
Phosphorus oxychloride (26.2 ml. o.*:a '^^ J: . ♦grf.hutvlbensofuran (40 g. 0.14 mol) 

0.22 mol) under ice cooling; subsequently a solution °* ^-be^zy^ox^^^^^^ S^firsV arroom temperature 
in N.N-dimethylformamide (10 -J w^^^^^^^^^^ i~c7^^^^^^^^^ poured into water 

for 20 min, then under heating at 80 O tor n. Mner y- saturated aqueous solution of 

benzyloxy-4-ferf-butyl-2-formylbenzofuran [16.2 g (yield. 36 /o)]. 

m.p. 135,7 
Mass 308(M+). 91 
IR NMR (60MHz, CDCI3) 
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45 



SO 



S PPm 1.58(s.9H), 5.10(s.2H). 7.20-7.48(m,7H). 7.92(s.1H), 9.76(s.1H) 
IReference Example 3] 

' Synthesis of 4-feAf.Butvl-5-Hvdroxv-2.H ydroxvmethvl-g a-nihvdrobenzofur«n 

i^eo''X:^'e^^^^^^^ a 2S:1 mixed solution 

under a hydrogen atmosphere forVrAZ ilterho oi th/^^^ k" 
»o saturated aqueous solution of sodium hvdrooen rTrS off the Pd on carbon, the filtrate was washed with a 
concentrated. The concentrate iTslZZ tosH^nT:. "^"'^ magnesium sulfate and 

consisting of a 4:1 mixture of J^^xanf anTetlvi !.»tf * T '"'^ ""^ « solvent system 

2.3-dihydroben.ofuran p"l7i.ilT7%)^^^^^^^^^ 

Mass 222(M+), 207. 57 
rs NMR (6OMH2, CDCI3) 

S Ppm 1.44(s,9H). 2.95(bs,1H), 3.09-3.9l(m.4H). 4.51.4.93(m,1H). 6.04(bs.1H). 6.46(s^^; 
[Reference Example 4] 

Synthesis of4.te^^Butvl-2■Chloromethv |-5-Hvdroxv-2■3-r>■hwH.»H.n,..■■..„ 
dihyK::o!rn:4^30mg"^^^^^ 

mmol) was added dropwise undeMce cS After bio ;nn Tr""'' •^'^"Vl chloride. (3^0>mg. 2.6 
25 mixture was heated under reflux for S S After' rnouL ^ '° ""^"^ *° temperature, the 

«.ith ethyl acetate. The orgar^c lay^ was washe'^^h'alSL^^^^^ ^'^^^^^ 
carbonate and water, then dried over anhvdm^frmJnl. saturated aqueous solution of sodium hydrogen 
purified by silica gel chromatogrrphncZ^fZ; ^ 

dihydrobenzofuranI280 mg (yield. 61 i)] as a clTi o^l ^-^«^-b"tyl-2-chloromethyl-5-hydroxy-2.3- 
30 Mass 242(M + 2). 240{M+). 227.225, 57 \ 
'H NMR (60MH2. CDCIs) 

S ppm 1.45(s.9H). 3.07-3.83(m.4H). 4.56-5.02(m.1H). 5.39(s.1H). 6.47(s.2H) 
[Example 4] 

35 

Synthesis of 4.6-rerr-Butyl-2.Chloromethy|.5-Hvdroxv-2:3.niH ydrobenzofuran h 

hydr"^^^^^^^ ^ °' 4-ferr.butyl-2-chloromethy,.5- 

» (2 ml) under iceU'ng A^r 0 • C te7 5 min t^ Z' ' ^ ""^'^ 

was then neutralized with an ac^^^^ous solution of in ;I? ?h "^.^ '""'^"^ '"^ "^^^ '"''^"^^ 

ethyl acetate. The extracted tever wL w^Zh ^ hydrox.de and subjected to extraction with 

carbonate, dried Lr InhydrorLgne^^^^^^ °' ^^^^-"^ ►'V^'ogen 

silica gel chromatography Thex3 trT^^ '^^ concentrate was purified by 

zofurandO mg) as a pale yellow oir ^ ^•S-'«^'-butyl-2-chloromethyl-5-hydroxy-2.3-dihydroben- 

Mass 298(M + 2). 296(M+). 283, 281 . 57 
'H NMR (60MH2, CDCI3) 

?rZ-) 3i;'.%'96V '°^'''"' ^•58-5.03(m.1H). 4.76(s.1H), 6.69(s,1H) 

[Reference Example 5] 

Synthesis of 5-Benzvloxv- 4-terf-Butvl-2-(1-octenvl)benzof..ran 

almosph.,.. A«e, Ling .ho Zte «"oot '4T™u o orTmtT", .'• " " """^ 
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H ,f .««m tPmoerature for 30 min. poured into ice water and subjected to extraction 

> [1-14 g (yield. 91%)]. 

Mass 392(M% 301 . 277, 167, 91 . 57 

' '^T-''°T£^.m^.13-1.72(m,8H). 1.56(s,9H), 1 .93.2.62(m,2H), 5.03(s.2H), 6.02-6. 40(m,2H), 6.78- 

7.46(m,8H) 

[Reference Example 6] 

Qynfh^^i5. of 4-ferf-Butvl-5-HvHroxv-2-Octvlbenzofuran 

K.n M 1 was added to a solution of 5-benzoxy4-fer^-butyl-2.(1-octenyl)- 

octylbenzofuran [600 mg (yield, 69%)] as a pale yellow oil. 
20 Mass 302(M+). 287. 57 

^^Tp'/T87SHi:^.06-1.83(m.12H). 1.57(s,9H), 2.70(t.2H). 4.67(s.1H). 6.50(d,1H.J = 8.4Hz). 6.68- 
(s,1H), 7.07(d,1H,J = 8.4Hz) 

25 [Reference Example 7] 

c^nth..i. nf 4.ferf-Butvl-5-Hydrnyv-2-Octvl-2.3-Dlhydrobenzofuran 

„ » ^H^H A fArf-hutvl-5-hvdroxy-2-octylbenzofuran (300 mg. 1.0 mmol) and. 
Triethylsilane (2.8 ml) was added to 4-fe/-f butyl & ny°[°'*y ^ . stirred first at 

then, trifluoroacetic acid (1.4 ml) was f ^^J^f 7-'-^;;^'?,,^°^°^^^^^^^^ into ice water and 

ran::;;rbT~^ Ttw.vd.xy-2-octy1-2.3- 

dihydrobenzofuran [252 mg (yield. 83%)] as a colorless oil. 

Mass 304(M*), 289, 137, 57 
^^TpTT8^?,3S:^.12-1.75(m.14H). 1.44(s.9H). 2.75-3.70(m.2H). 4.09-4.68(m,lH), 4.45(s,1H). 6.42- 



30 



35 



5 ppm 

(S.2H) 



40 



46 



50 



[Example 5] 

Synthesis Of 4.6-Di-f^^^Butvl-5-Hvdroxy- ^-Ontvl-2.3-Dihvdrobonzofuran (Compound g) 

Methanesulfonic acid (1.5 ml) was added drop^se under f -^J-^;^^^^^^^^^^^^ ^^.'o 
te^^butyl-5-hydroxy-2.octyl-2,3-dihydrobenzofuran (5 0 mg^^ 1.7^^^^ ^^^^^ 

mmol) and chloroform (2 ml). After stirring at O' C for '"'"J!^^ ""'^^^^^^^^ subjected to extraction 

mixture was then neutralized with an aqueous solution of sodiurn ^Vd^^x^^^ ' 

with ethyl acetate. The extracted layer was -sl^ed wit^^ ^^J^^^f^^^^^^ "£^oenXr.Xe was purified by 

mg) as a pale yellow oil. 
Mass 360(M+), 345. 57 

'^7pT''""oToSH). 1.12-1.95(m.14H), 1.42(s,9H), 1.50(s.9H), 2.80-3.70(m,2H). 4.35-4.80(m,1H). 

4.67(8.1 H), 6.63(S.1H) 
IR (cm-^) 3624. 2935 
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[Reference Example 8] 

Synthesis of 4-Acetox v-3. 5- Pi- rerf- Butvlanisoie 



10 



anhydrous magnesium acetate and conrpntratlH ^'''r. The extracted layer was dried over 



15 



m.p. 96.6 -C 
NMR (60MH2, CDCIa) 

5 ppm 1 .06(8.1 8H). 2.02(s,3H). 3.47(s.3H), 6,53(s.2H) 
Mass 278(M+) 

[Reference Example 9] 

Synthesis o f 4-Acetoxv3,5-Di-ferr-ButvlDhenQl 



20 



25 



ice. <^ '^^^ 

temperature and stirred for 2 d^vs thereaft«^ T.^ ^ T """^"'^ ^""'^^^ *° ^^^"^ ^'^^'V '° ^o^"^ 
was added to the "act on m2e Te mT^iture wl^^^^^ °' ^^^^^^^^ ^^^onate 

organic layer was washed wlJ^ saturated brTr^f^ln . 'Tl"^ '° the 
The residue was Purified br^^li^rgefchrom^^^^^^^^ T?^"^^'""^ concentrated. 

3.5-di-rer.-butylpheno. 10.38 g (yield 80^^7as a Sso^ ' "''^'''""^ *° 



m.p, 156.9*C 
NMR {6OMH2, CDCIa) 

5 ppm 1.27(s,18H). 2.27(s.3H), 5.22(brs,1 H). 6.67(s 2H) 
30 Mass 222(M+) ^ • / 



35 



40 



45 



50 



55 



[Reference Example 9] 

Synthesis oM-Acet oxy3. 5-Di-rerf-Butyl-1-(2-Methvl .2-Propenvloxv^ben..no 

Mass"" l fm*r^' ' ^■'°^'*'''^' = ^•^(^•2") 

[Example 6] 

Synthesis of 5-Acetoxv-4.6-Di. te r f-Buty 1-2.2-Dimeth y 1-2.3-Dih vdroben^nf. ,r.n 

lay„ »« sobftctsd to exlraalon will, dteS?^ «hj, ^13" '^"f"? '"^ 
« b„„e. ^ over .„H,*o„= .„„e.„. .„„„i; J.Too:Z.Z^':tr^2 ZTZ^ 
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by silica gel chromatography (5% ethyl acetate in n-hexane) to afford 5-acetoxy-4.6-di-ferf-butyl-2.2- 

dimethyl-2.3-dihydrobenzofuran [1 .19 g (yield. 54%)] as a white solid. 

m.p. 97.7 -C 
'H NMR (60MHz, CDCI3) 
5 a ppm 1 .16-1.60(m.24H). 2.25(S.3H). 3.18(s.2H), 6.63(s.1H) 

Mass 318(M+) 
[Example 7] 

,0 Synthesis of 5-Hydroxv-4.6-Di-fefr-Bu t vl-2.2-Dimethvl-2,3-Dihvdrobenzofuran (Compound c) 

h.,^.iHc /nin n\ was susoended in tetrahydrofuran (5 ml) under a nitrogen at- 

SShvl e^rihe or^ganic layer was washed with saturated brine, dried over anhydrous magnes.um sulfate 
TlJ^Zirl^d The concentrate was purified by silica gel chromatography (5% ethyl acetate .n n- 

20 white solid. 

m.p. 139.6 'C 
NMR (60MHz. CDCI3) 

8 ppm 1 .42(5,1 8H). 1 .50(S.6H), 3.25(s,2H), 4.70(s.1 H). 6.66(s,1 H) 

Mass 276(M+) 
25 IR (cm-') 3632, 2964, 1 404, 1 386. 1 1 34 

[Reference Example 10] 

Rvnthftsis of 4-Acetoxy-3.5-Di- ferf-Butyl-1 -<2-ProDenvloxv)benzene 

A A..t«vu s di-fei-f-butvlDhenol (10 g) and potassium carbonate (15.6 g) were dissolved in acetone 

silica gel chromatography (10% ethyl acetate in n-hexane) to aHord 4-acetoxy-3.5-d,-ferf butyl 1 (2 
propenyloxy)benzene (11 g) as a colorless liquid in a quantitative yield. 

aTpm '°T30(sS!. 2.27(S.3H). 4.47(d.J = 5.0Hz.2H), 5.05-5.57(brm.2H), 5.68-6.37(brm,1 H). 6.81(s.2H) 
40 Mass 304(M+) 

[Reference Example 11] 

Synthesis of 4-Acetoxy-3.5-Di-feff-Butyl -2-(2-Propenvloxy)phenol 

4 Acetoxv-3 5-di-ferr-butyl-1-(2-propenyloxy)ben2ene (11.0 g) was dissolved in N.N-dimethylaniline (50 
ml^ ^n^the solution was ref Ld for 18 h under a nitrogen atmosphere. After cooling to room temperature, 
t"e refc ron s^ion was^S^^^^ under reduced pressure and purified by silica gel chromatography^ 

(^^rXl aceS°e in n-hexane) to afford 4-acetoxy-3,5-di-lerr-butyl-2-(2-propenyl)phenol [8.84 g (y.eld. 

50 77%)] as a white solid, 
m.p. 103.6'C 

'^7p""'°TS.S°H^.«,s.9H,, 2^8,.,3H,, 3.52-3.M<n,.2H,, 4.88-5 «<..3H), 5.66-8.45,.,, H,. 6.79- 

(s,1H) 

55 Mass 304(M+) 
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[Reference Example 12] 

4-Acetoxy.3.5-Di.ferr.Butvl-1- (2-Methvl-2-ProDenyloxv)-2-Prop vlbfin^pnA 
' ',,.'*"'^'=t*°'*y-3'5-'erf-butyl-2-(2-propenyl)phenol (0.90 g) was dissolved in ethyl acetate MB mh Aff«, 

i M H ,K ^'^^'^"^ °" ^"^ concentrate. The concentr^ was dissolved in 

^t^drS i'r.'^'"J M f "'^ ^^^^^ « suspens^n Of 60% oify sodfum 

hydnde (0.14 g) ,n N.N-d.methylformamide (7 ml) under ice cooling and the mixture was sth-red fcl lo r^T 
. Subsequen«y the reaction mixture was allowed to warm to room temperaTranricS^S^^S^^^^^^ 
propene (0 35 ml was added dropwise. After stirring at room temperature for 2 h watr (fs r^) wTs adc^^^^^ 

washed'^lT" T"V^ *° d'^'f^y ^tf^^^ and the orgTnic layer was 

washed w,th water and saturated brine, then dried over anhydrous magnesium sulfate anf concentrared 

acetorsT^Lrrt m'';^ ^^Ifr ^^--^^^^-P^^y ethy. acetate in n-hexane) to ^071' 
acetoxy-3.5-d.-rerr-butyl-1-(2-methyl-2-propenyloxy).2-propylbenzene [0.82 g (yield. 77%)] as a coloriess 

'H NMR (60MHz, CDCI3) 

«ppm 0-^;1-72(m.23H). 1.86(s.3H). 2.28(s.3H). 2.65-3.1 2(m.2H). 4.39(s.2H). 5.06(d.J = 9.0Hr.2H). 
Mass 360(M+) 
[Example 8] 

Synthesis of 5-Acetoxy-4,6-Di.rerf-Butvl-2.2-Dime thyl-7-Propvl-2.3-Dihydrobenzofuran 

Him^h'^f*T^"^;r''';!^'''''"*^'"^'^^'"'®*''y'-^-P'°P®"y'°'*y)-2-P^0Py'ben2ene (0.82 g) was dissolved in N N- 
d.methylan.lme (8 ml) and the solution was refluxed for 18 h under a nitrogen atmosphere Xr co^lino to 
room temperature, the reaction solution was concentrated under reduced pressure and N HcT,^^ ?!nH 
d.ethyl ether (10 ml) were added to the concentrate, followed by sti^TforTs m" 'TJe o ""^^^^^^^^^^ 
separated and the aqueous layer was subjected to extraction with diethyl ethrxhe c3^ed eSrS 

ZL:r^ TUT"" magnesium sulfate and cTcent^teT ?^^^^ 

ZXZZ27i^2\T' gel Chromatography (5% ethy. acetate in n-hexane) to affrdTacetoxy- 

m p 1^6.0 •C ^ ''''°''^ ' 9 ^3%)] as a pale yellow solid. 

NMR (60MHz. CDCI3) 

« ppm 0.55-2.08(m.29H). 2.23(s.3H). 2.72(t.J = 7.0Hz.2H). 3.17(s.2H) 
Mass 360(M+) ' 

[Example 9] 

Synthesis of 5-Hydroxy.4.6-Di.rerr.Butyl-2.2-Dimethvl-7-Pr o py|-2.3.Dihvdrobenzofuran ^Compound q > 

Lithium aluriiinum hydride (0.08 g) was suspended in tetrahydrofuran (5 ml) under a nitrogen at- 

t^rSrvroiuiTi^' '"?r/H ''-''^ 

?nnnnn ^ ""^^ ^''''^^ *° ^^"^ Suspension and the mixture was refluxed for 4 h After 

cooling the reaction m-xture to room temperature, water was added dropwise to quench threxcess litWum 

stb'i^cted toCrctiln'Tn- T.^^h"^^" "''""^ ^^'^^'^'^^ <^ Sd^ and tL T^urrra" 

subjected to extraction with diethyl ether, washed with saturated brine, dried over anhydrous maanesium 

sulfate and concentrated. The concentrate was purified by silica gel chromatography (5% S acetate tiTn 

sS)7isa%r;e.io:^or^^^^^^^^ 

m.p. 90.3 • C (dec.) 
NMR (6OMH2, CDCI3) 

5 ppm 0.70-2.1 0(m.29H). 2.57-3.1 0(m.4H), 3.23(s.2H), 4.83(s 1H) 

Mass 318(M+) 

IR (cm-i) 3648. 2952. 2868. 1368. 1366, 1290. 1260, 1152. 924 
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[Example 10] 

Synthesis of 4.6-Di-rerf-Butvl-5-Hvdro)(y-2-Methvl-2.3-Dihy drobenzofuran <Compound b) 

5 4-Acetoxy-3.5-di-fert-butyl-2-(2-propenyl)phenol (1 .0 g. 3.3 mmol) was dissolved in dichloromethane (10 
ml) and BFa etherate (0.7 ml) was added dropwise to the solution under a nitrogen atmosphere. The 
m Lre was stl msd for 24 h at room temperature and, thereafter, water was added and the "re -as 
reacted with ethyl acetate. The extracted layer was washed with a saturated aqueous solution of sod.um 
i^So^n ZSnL. dried over anhydrous magnesium sulfate and concentrated. The concentrate was 

,0 dfssoS in tetrahydrofuran (5 ml) and the solution was added dropwise to a suspension of l.th.um 
a uminum hydride ^6 mg) in etrahydrofuran (5 ml) that had been prepared under a nitrogen atmosphere. 
A^r refCng for 3 h. the reaction mixture was cooled to room temperature and water was added dropw.se 
P;S:^gt e addition of IN aqueous sodium hydroxide, the mixture was subjected to extraction with d^ hy. 
ether. The organic layer was dried over anhydrous magnesium sulfate J'.^ 

,5 was purified by silica gel chromatography (10% ethyl acetate in n-hexane) to afford 4.6-d.- /erf butyl 5 
hydroxy-2-methyl-2.3-dihydroben20furan [450 mg (yield. 52%)]. 
m.p. 86.8 'C 
Mass 262(M*). 247. 205. 57 

.0 ^^Tpm'°''"'■1''4oS':iH), 1.42(s.9H). 1.50(S.9H). 2.80-3.80(m.2H). 4.42-4.92(m.1 H). 4.71(s.1H). 6.70(S.1H) 
IR (cm-i) 3616. 2960 

[Reference Example 13] 

Synthesis of 4-Acetoxy-3.5-DI-feff-Butyl-2-(Chloroacetyl a minomethvl)phenol and 6-AcetOxy-5.7-Di-feff- 



25 



Butvl-3-(2-Chloroacetvl)-2.3-Dihydro-1.3.4H-Benzoxa2ine 

4-Acetoxy-3 5-di-ferf-butylphenol (29 g. 0.11 mol) was dissolved in a 9:1 mixed solution (200 ml) of 
acet^adrand sulric acid.Vollowing addition of N-hydroxymethy|.2.chloroacetamide(34 g. 0-28 moO, he 

30 SSure was stirred at room temperature for 48 h. Subsequently, the reaction mixture was poured into water, 
n^zld wi h I N aqueous soSium hydroxide and subjected to extraction with ethyl acetate^ ^ « ^^^'^ 
layer was dried over anhydrous magnesium sulfate and concentrated. The concentrate was used in the 
subsequent reaction without further purification. When part of the concentrate was ^^^jected to sih^^^^^^^^ 
chromatography and eluted with a solvent system consisting of a 4:1 mixture of hexar^e and ethyl acetate 

35 !he Sowing L products were obtained: 4-acetoxy-3.5-di-ferf-butyl-2-(chloroacetylam,nomethyl)phenol 
and6-acetoxy-5.7-di-ferf-butyl-3-(2-chloroacetyl)-2.3-dihydro-1.3.4H-benzoxazine. 

4-Acetoxv-3.5-Di-ferf-Butyl-2-(Chloroacetylaminomethyl)phe nol (colorless oil) 

40 Mass 369(M+). 327. 234. 57 

'".7pT"'S,S'' 1.43(s.9H,. 2^8„.3H,, ..00<s.2H,. 4.73,».aH,J - 6.0H.,. 6.e8,=,1H,, 7.54- 

(t,1H.J=6.0H2) 

6-Acetoxv-5.7-Di-ferf-Butyl-3-(2-Chloroacetvl)-2.3-Dihydro -1 .3.4H-Ben20xazine (colorless oil) 
Mass 381 (M+). 339, 304, 57 

aTpm '°T30(S°9HM.47(S.9H). 2.30(s.3H). 4.17(s.2H). 5.00(s.2H). 5.33(s.2H). 6.83(s.lH) 
[Reference Example 14] 

Synthesis of 4-Acetoxy2-Aminomethvl-3,5-Di-ferf-B utylphenol 

The concentrate obtained In Reference Example 13 was dissolved in a 10:3 mixed solution (550 ml) of 
ethan? Si conrS^ and the solution was heated under reflux for 2 h. After cooling, the reaction solution 
was pi and the mixture was neutralized with 1N aqueous sodium hydrox.de. fo ow^^^^^^ 

r«on with ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate and 
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Ti^TrnT , ^ concentrate was used in the subsequent reaction without further purification. When part 
milre n,T^^^^^^^^ ^"T^'^t '° ^^^°'^^*°9raphy and eluted solvent system consisting of a 4:1 

mLTn product 4-acetoxy-2-aminomethyl-3,5-di-ferr-butylphenol was obtained as a 

4-Acetoxy-2-Amlnomet hyl-3.5-Di-ferr-Butylphenol (colorless oil) 

Mass 293(M+). 234, 191, 57 
'H NMR (60MHz, CDCI3) 

« ppm 1 .27(s,9H), 1 .37(s,9H), 2.25(s,3H), 4.22(s,2H), 5.18(bs,3H), 6.85(s,1 H) 

[Example 11] 

Synthesis of 5-Acetoxv-4.6-Di-fe^^Butyl-2-HYdroxyben2aldehvde 

.r.il!^l^T^T^^^. obtained in Reference Example 14 was dissolved in a 11:3 mixed solution (636 ml) of 
acetic acid and water and, after addition of hexamethylenetetramlne (19.3 g, 0.11 mol) the mixture was 
heated under reflux for 4 h. Subsequently. 4.5N HCI (85 ml) was addei and^he mixt^eUs heated undt: 

7n^^.J. ""-1' L "'"^"'^ neutralized with IN aqueous 

sodium hydroxide and subjected to extraction with ethyl acetate. The organic layer was dried over 
mf^l?r«'"H ? concentrated. The concentrate was purified by silica gel chromatography (chlo- 
roform) to afford 5-acetoxy-4,6-di-fe/-f-butyl-2-hydroxybenzaldehyde (19 0 a) yyvK o 
m.p. 79.0 -C V • u^ 

Mass 292(M+), 250, 235, 217, 57 
'H NMR (6OMH2, CDCI3) 

« ppm 1.35(s,9H). 1.54(s.9H), 2.35(s,3H), 6.92(s,1H). 10.67(s.1H), 12.32(s,1H) 

IR (cm-') 2976, 1758 / v . / 

[Reference Example 15] 

Synthesis of 4-Acetoxv-3,5-Di-terf-Butyl-2-(2-Ethvl-1 -ButenyDphenol 

m9fn°ft"«°" of 3-bromopentane (1.3 g. 8.6 mmol) in tetrahydrofuran (10 ml) was added to magnesium 
k i jLrfV^^, o atmosphere to prepare a Grignard reagent. A solution of 5-acetoxy- 

t/tifr ^ .^"'^'''^^^''^ ° 9* *«frahydrofuran (5 ml) was added dropwise 

to the reagent After stirring the mixture at room temperature for 30 min, a 5:2 mixed solution (7 ml) of water 
and cone. HCI was added to the reaction mixture, followed by stirring at room temperature for 30 min and 

InS conSntitf T*'*" ^""^ ''''' ^^V^^'- -'^e 

and concentrated The concentrate was purified by silica gel chromatography (10% ethyl acetate in n- 

Z^s [0.85 g (yield. 72%)] as a yellow oil. 

'H NMR (60MHz, CDCI3) 

«ppm 0.78-1. 57(m.6H). 1.33(s,9H), 1.37(s,9H). 1.73-2.48(m,4H), 2.27(s.3H), 5.38(d.1H), 6.17(s.1H), 

6,87(s,1 H) ' * 

[Example 12] 

Synthesis of 5-Acetoxv-4.6-Di-fer/-Butvl-2.2-Diethvl-2,3-Dihydroben20furan 

lnrnl1S*°'Vfn^"*.;'^'?"il'"^"<^'^*^^'"'"''"*^"y'>P^^"°' ^' mmol) was dissolved in dich- 

It^n 1 ^^-^""^ ^'^^^^ ^^°P^'=« t° solution under a nitrogen 

Z . '"^ temperature for 3 h, water was added to the reaction mixture and 

extracted with ethyl acetate. The extracted layer was washed with a saturated aqueous solution of sodium 
hydrogen carbonate, dried over anhydrous magnesium sulfate and concentrated. The concentrate was 
purified by sHica gel chromatography (10% ethyl acetate in n-hexane) to afford 5-acetoxy-4,6-di-ferf-butyl- 
z.2-diethyl-2,3-dihydrobenzofuran [0.45 g (yield, 53%)] as a pale yellow oil 

Mass 346(M*), 304, 57 
'H NMR (60MHz, CDCI3) 
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« ppm 0.80-1. 79(m.lOH). 1.29(s.9H). 1.37(s.9H). 2.26(S.3H). 3.10(s,2H). 6.71(s.1H) 
(Example 13] 

5 Synthesis of 4,6-Di-ferr-Butvl-2.2-Diethvl-5-Hydrox v-2.3-Dihvdrobenzofuran (Compound d) 

Lithium aluminum hydride (76 mg) was suspended in tetrahydrofuran (5 ml) under a nitrogen at- 
mosoiere A so7Jtion of 5-acetoxy-4,6-di-fert-butyl-2.2-diethyl-2.3-dihydrobenzofuran (0-17 g, 0 5 mmol) m 
STofuran (5 ml) was added dropwise to the suspension. After heating under reflux for 3 h. the reaction 

,0 mLure waJ^^^^^^^ temperature and water was added dropwise. After addition of IN aqueous 

sZZ hydroxS^^(5 ml), the mixture was subjected to extraction with diethyl ether. The orgamc layer was 
dSd over anhydrous rnagnesium sulfate and concentrated. The concentrate was P""f'ed by s.l.ca gel 
chromrgraphy' (lS% et'hyl acetate in n-hexane) to afford 4,6-di-ferr-butyl-2.2-d.ethyl-5-hydroxy.2.3- 
dihydrobenzofuran [130 mg (yield. 87%)] as a pale yellow oil. 

76 Mass 304(M+). 289. 163. 57 

NMR (60MHz. CDCIa) .,co/<^1H^ *?RP/<5im 

6 ppm 0.92(t.3H). 1 .20-1 .87(m,8H). 1 .43(S.9H). 1 .51 (s.9H). 3.1 7(s.2H). 4.62(s.1 H). 6.62(s.1 H) 

IR (cm-') 3663. 2975 
Similar procedures were taken to prepare the following compounds. 



20 



4.6-Di-/eff-Butvl-2.2-Pi-n-ProDvl-5-Hvdroxy-2.3-Dihvdrobe nzofuran (Compound e) 



.H NMR^(60MHz.^CD^^^^^^^ 1.17-1 .82(m,8H). 1.40(s.9H). 1.49(s.9H). 3.17(s.2H). 4.59(s.1H). 6.60(s.1H) 

25 IR (cm-1) 3662. 2971 
Mass 332(M*) 

4.6-Di-ferf-Butvl-2.2-Di-n-Butvl-5-Hvdroxv-2.3-Dihydro benzofuran (Compound f) 
30 Mass 360(M+) 

'^Tpm'°''"'S,6H). 1.11-1.75(m.12H). 1.41(s.9H). 1.48(s.9H). 3.17(s.2H). 4.63(s.1H). 6.61(s.1H) 
IR (cm-i) 3663. 2964 
35 4.6-Di-ferf-Butyl-5-Hvdroxv-2.3-Dihvdrobenzofuran -2-Spiro-1 '-Cyclopentane (Compound m) 

m,p. 101.5* C 
Mass 302(M+) 

„ «^<«'"*- ^^W^, , ,e..2.„2,„.8„,. 3.«(S^H,, 4.68,S,,H,. 6.63,S,.H, 

IR (cm-') 3644. 2979 
4.6.Di-ferr-Butvl-5-Hydroxv-2.3-Dihvdrobenzofuran-2-Spiro -1 '-cvclohexane (Compound n) 

45 m.p. 124.5 'C 
Mass 316(M+) 

'^Tpm^'°''"^S^;'90(m.10H). 1.39(s.9H). 1.47(s.9H). 3.15(s.2H). 4.61(s.1H). 6.61(s.1H) 
IR (cm-^) 3650. 2934 
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4.6-Di-feff-Butvl-2,2-Diphenvl-5-Hvdroxy-2.3-Dihydroben zofuran (Compound j) 



m.p. 115.3*C 
Mass 400(M+) 

" '":Z^'°""%''S^%>. ..4a(s,9H, 4.7.,S,,H,. «„d.1H.J==.0H.,. «e,..,H, J-S.OH* 6.88-7..,. 

(m,11H) 
IR (cm-^) 3642, 2961 
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4.6-Di-ferr-Butyl-5-HvdroxvP 3-Dihvdroben2ofura n.2-Spiro-r.Cvcloh.ptane (Compound 

m,p. 91.6*C 
Mass 344(M+) 
5 NMR (60MH2, CDCI3) 

?RTcm-i) 35"^;"^^^^^^^ ' "'^'''^^^ ^•^^(^•^")' ^-e^f^'^H) 

4,6-Pi-fe^^Buty^2.2■Dibenzvl-5■H vdroxy■2,3-Dihvdrobenzofuran (Compound 

m.p. 128.5'C 
Mass 328(M+) 
NMR (60MHz. CDCI3) 

/a fnTcm-) see'i^g'To' ^•^^(^'^o") 

4.6-Di-ferr-Buty|.2.2-Di-i-Propyl-5-Hvdroxv- 2.3-Dihydrobenzofuran (Compound 

Mass 332(M+) 
20 NMR (60MHz, CDCI3) 

5ppm a92^cldJ2H.J = 6.0Hz). 1.39(s,9H). 1.50{s.9H). 2.0l(m.2H), 3.10(s.2H). 5.52(s.1H). 6.52- 

IR (cm-1) 3658, 2972 

-^■6-Di-/erf-Butyl-5-Hy droxy 2.3-Dih y drobenzofuran.2-Spiro-1 '-Cvclooctane (Compound 

Mass 344(M+) 
NMR (6OMH2. CDCI3) 

so ?rTc:-i, iz%'9"^^'''^''^"''"^' ^•^^<^'^">' ^•^^<-^H, 

4>6-Di-ferf- Butyl-5-Hydroxy-2,3-Dihvdrobenzofuran-2-Spiro-4'-TetrahvdroDvran 

m.p. 181 .4 -C 
35 Mass 318(M+) 

NMR (60MHz. CDCI3) 

fR''(cm-) 3365'2972' '°^'''"^" ^ •^'-^ ■^2<'^''»">- ^ ^^(s.SH). 3.74-3.96(m.4H). 4.72(s.1H). 6.73(s.1H) 

^ 4.6-Di-terf-Butyl-2.2-Di-n-Pentvl-5 -Hydroxv-2.3-Dihvdroben20furan fComp n.mH v^ 
'H NMR (270MHz. CDCI3) 

appm a88(t 6H). 1.30(br,12H). 1.40(s,9H), 1.49(s.9H). 1.62(m.4H). 3.18(s.2H). 4.66(s.1H). 6.62- 

(S,l r1) 

45 IR (cm-i) 3652. 2956 
Mass 388(M+) 

4.6-Di-ferf-Butyl-2.2-Di-n-Octyl-5-Hydroxv- 2>Dihydrobenzofuran (Compound 
50 NMR (270MHz, CDCI3) 

6 ppm CX88^rn.6H), 1 .26(bs,24H), 1 .40(s.9H). 1 .49(s,9H), 1 .59-1 .65(m,4H), 3.18(s,2H). 4.66(s.1 H), 6.62- 
Mass 472(M+) 

4.6 -Di-fe^^Butyl■2.2-Di-n-Heptyl-5-Hydroxy-2.3-D^hydroben20furan 
^H NMR (270MH2, CDCI3) 

5 ppm 0.87(t,6H), 1 .27(br.20H). 1.40(s.9H), 1.49(s,9H). 1.62(m,4H), 3.18(s.2H), 4.66(s.1H), 6.62- 
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(s.lH) 

IR (cm-^) 3656. 2928 
Mass 444(M+) 

5 4.6-Di-fert-Butyl-2.2-Di-n-Hexyl-5-Hvdroxy-2.3- Dihvdroben2ofuran 

'^T/'°''"o;87a6H). 1.28(br.16H). 1.40(s.9H), 1.49(S.9H). 1.63(m.4H). 3.9(s.2H). 4.65(s.H). 6.62- 
(S.1H) 

10 IR (cm-^ 3650. 2920 
Mass 416(M+) 

[Reference Example 16] 
,5 Synthesis of 2.6-Di-feff-Butvl-3-M ethvl-4-Tetrahydropyranyloxyphenol 

as a colorless oil. 
Mass 320(M+) 

'".T"."°T|:i'S?r':6H, V3S,S,9H,. , 56„.8H, 3.6-4.0,-n.2H,. 2.37„,3H,, 4.95,s.,H,. e.,5,.OH,, 6.9^ 
30 (S.1H) 

[Reference Example 17] 

Qynth..i.nfl-Acetoxv-2.6-DI-ferf-Butvl-3-Methyl-4-Tetra hyd ropyranyloxybenzene 

tetrahydropyranyloxybenzene [4.09 g (yield, 82.2%)] as a colorless crystal. 
45 Mass 362(M+) 

'"r:;T'Sl'SSH,, ..30<S.9H,, V«,S,9H,. 2^,S.3H,, 2.3S,S,3H, 3.4.4., (m.^H). =,2e<n„.,H,. 7.07- 
(S.1H) 

60 [Reference Example 18] 

Synthesis of 4-Acetoxv-3.5-DI-feff-B utvl-2-Methvlphenol 

1-Acetoxv-2 6-di-rerf-butyl-3-methyl-4-tetrahydropyranyloxybenzene (4.09 g) was dissolved 
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fu®K?.T^'^"'^'"'®''^"''"*y'"^"'"®*''y'P^®"°' (3-1 g) as a colorless needle. 
'H NMR (6OMH2. CDCIa) 

« ppm 1.31(s.9H), 1.44(s.9H). 2.30(s.3H). 2.35(s;3H). 4.73(s,1H). 6.72(s.1H) 
5 [Example 14] 

Synthesis of t-Acetoxv -2.6-DI-rerf-butyl-3-Methvl-4-Dropyloxvben2ene 

,0 3 s H?^irK ^T, 1!^^ ""^^ suspended In N.N-dimethylformamide (5 ml) and a solution of 4-acetoxv- 

su^ns^nZ^^^ I'' J N.N-dimethy.formamide (5 ml) was added dropwise to7e 

for an aZional 2 h ° ^^'^ '^^^ ^^'^^^ ^"^ '^^^ '"''rture was stirred 

Z^LTtTJl ^ '""<t"^e was then poured into a saturated aqueous solution of ammoniurn 

chionde and extracted with diethyl ether. The extract was washed with water and saturated brine thenTed 

fuS °" " "^^^ the'subsequent rea'ctlrwHC 

'H NMR (60MHz, CDCI3) 

S ppm 1 .33(s.9H). 1 .45(s.9H), 1 .84(m.2H). 2.27(s.3H). 2.34(s.3H), 3.87(m,2H). 6.74(s.1 H) 
20 [Example 15] 

Synthesis of 2.6-Di-terf- Butyl-3-Methvl-4-Propvloxvphenol (Compound u) 

Lithium aluminum hydride (100 mg) was suspended in tetrahydrofuran (5 ml) under a nitrooen 
mrwt added to te"s°uU'' 1-acetoxy-2.6-di-rer,-butyl-3-methyl-4-propyloxybeLn In tetfahydro;!' (5 
rrnmTntn^^M h ^""Pf^f °" ''^^ ""^"^^ was refluxed for 3 h. A saturated aqueous solution of 

tooeZ w-,h r T/'''^'' *° "^''^"^^ ""^^^ '^^ ^°°""9 the precipitate was fme ed off 

together w.th the anhydrous sodium sulfate. The filtrate was concentrated and purified by s Nca Qe^ 

.0 Z)T:'::^L':7 ^^""^ -^^''^"^^ " 2.B-.i-re.^buty.-3.methy,.4l;rop:t^^^^^^^^^ 
Mass 278{M+) 
NMR (6OMH2, CDCI3) 

6 ppm ; 06a^^^^^^ 1.45(s.9H). 1.61(s.9H). 1.80(m.2H). 2.38(s.3H). 3.85(t.2H.J = 6Hz), 4.90- 
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[Example 16] 
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i CtLl^.e':::^^^^^^^ 1.-Ris(4-Acetoxy-3.5-Di-re.^ 

Sodium hydride (110 mg) was suspended in N,N-dimethylformamide (5 ml) and a solution of 4-acetoxv- 
3,5-d.-fe.r-butyN2-methylphenol (0.6 g) in N.N-dimethylformamide (5 ml) was addeHXt t^^^^^^^^ 
suspension at O'C After stirring for 30 min. 1 .3-dibromopropane (0.36 ml) was addSIn oTpoln a^d 
the mixture was stirred for an additional 2 h. The reaction mixture was poured into a saturated aqueous 
wJr^nd sTafod :ri^e'^^^^^^^ subjected to extraction with diethyl ether. The extract tfwlsh^d wi h 
water and saturated brine, then dned over anhydrous sodium sulfate and the solvent was distilled off The 
manner Th'^'^'? N.N-dlmethylformamide (5 ml) and added to a solution Uparerii'Tie same 
N M H ?K T^""^^ ^^""^ (4-acetoxy-3.5-di-rerr-butyl-2-methylphenol, 0.4 g; sodium hydride yZ 

fo; srslslren?'^^^ ' ■'''h"'""" *° ^""^ '° tomperlre andltirTed 

descrLd T^' ^ °^ ammonium chforide and treated as 

?re f rst fractTon o^veTl ^ 9^' chromatography (lO-Zo ethyl acetate in n-hexane). 

ine f fst fraction gave 1-acetoxy-4-allyloxy-2.6-di-fe/-f-butyl-3-methylbenzene (370 mg). The next fraction 
gave l.3-b.s(4-acetoxy-3,5-di-re/-f-butyl-2-methylphenoxy)propane (200 mg). 

1-Acetoxy-4-Allyloxy-2.6-Di-terr-Butyl-3-Methylbenzene 
'H NMR (60MH2. CDCI3) 

«ppm 1.30(s,9H). 14.2(s.9H). 2.25(s.3H). 2.35(S.3H). 4.44(m.2H). 5.0.5.5(m,2H), 5.83-6.43(m.1H). 
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6.72(s,1H) 

1 ;^.Risf4-Acetoxv3,5-Di-ferf-Butvl-2-Methy lphenoxy)propane 

' '"rS::i''°T». 1.37<s.,8H,. ..^...^H,. ^.^^.eH, .^.^.m. «.12("..4H,. e.7S,S^H, 
[Example 17] 

,0 Synthesis of 4-AllylQxv-2.6-Di-rerf-B ..tvl-3-Methvlphenol (Compound v) 

1-Acetoxy-4-allyloxy-2.6-di-^ert-butyl-3-methylbenzene was treated as in Example 15 to aHord 4- 
allyloxy-2.6-di-ferf-butyl-3-methylphenol quantitatively as a pale yellow oil. 
Mass 276(M+) 

" '^TpT"'^^MH^.5e«.s"). "31-'")- 

{S.1H) 

[Example 18] 

'° Synthesis of i.3-Bisf3.5-DI-ferf-B»tyl- 4.Hvdroxv-2-Methylphenoxv)propane (Compound w) 

i3Bls(4-acetoxy-3 5-d.-fert-butyl-2-methylphenoxy)propane was treated as in E^a^^P'® 15 t° 

25 Mass 512(M+) 

'"rppT""««!S!. ..60».,8H,. =.15.2.4,.,2H,. 2.35,S,6H,. 4 0e(..4H.J.eH.,, 4.«.,.^H,, e.72,s,aH, 
m.p. 120.4-C 

30 [Example 19] 

Cynth».i.r>f3.Acetoxv-2.4.D.-ferf-Butvl-6-Hydroxv-5-Methy lbenzaldehyde 

in 7% overall yield. 
Mass 292(M+) 

'":Z!^M^\^.m. 2.^7,S.3H, 2.35<s.3H,, ,0.=4<S,1H,. 12 e6,=,,H, 

40 

[Reference Example 19] 

Synthesis of 4-ferf-Butyl-5-Hydroxv2-Methylbenzofuran 

pale yellow, fine-grained crystal, 
m.p. 49.9 
Mass 204(M+). 189 
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[Example 20] 

Synthesis of 4.6- Di-tefr-B..tyl-5-Hydroxv-2-Methylbenzofuran fComnnunrt 

Aft*:*r cjfirrinr. at n • ♦-^ ^ c • ^ dit-oRoi puu mg, 6.0 mmol) undsf coo ha w th ice 

(n-'^exane) to afford 

Mass 260(M+), 245, 57 » k luw uii. 

NMR (60MHz, CDCIa) 

'5 Jr (cm-.) is'i^^TeV ''^'-'''^' 

[Reference Example 20] 
,0 Sy"*^^^'^°>-^-Ace1oxy■3.5-Di■fer^Butyl-2.(r-Hvdroxv-2^6^1nM 4^-Tetrameth 

^. err butyl (1 hydroxy-2 .6 ,10 .14 -tetramethylpentadecyl)phenol [0.11 g (yield. 6o/o)] as a colorless 

30 Mass 486(M+). 57 
NMR (60MHz. CDCIs) 

55 [Example 21] 

Synthesis Of 4.6-Di-ferNButyl-5.Hydroxy-2-Methvl-2-r4V8MP^ Trimethvltridecvh.p .-0,hydr^^^^^ 

Mass 486(M+). 471 , 1 49, 57 
NMR (270MH2. CDCIa) 

5 ppm 0.83-0,88(m.12H), 1.08.1.64(m.18H). 1.36(s,3H), l.41(s 9H) 1 49(s 9m 3 14- 

(d.1H.J = 15.7Hz). 3.27(d.1H.J = 15.7Hz). 4.68(s.1H). 6 63(s.1H) '•^®<^'^">' ^ '"^ 

»5 IR(cm-i) 3656,2956 ^V5».in; 
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[Reference Example 21] 

Synthesis of 4-Ar.tnxv-3.5-Di-ferf-R ..tvl-2-(2.2-Diisoamvl-1-HvdroxyethYl)phenol 

s Lithium (2.8 g) was added to a soiution of f "-^^^^^^^^^^^^ ^^S. 

and 5-bromo-2.8-dimethylnonane (47.0 g) m ^^^^^'^Vf ^°i"^;"Jf°°^^^ '^33 poured into ice water. 
• atmosphere and the mixture was ^^'7;;' ^^.^^^^^^^^ 

neutralized with a saturated 3^"^°"^°'"!'°" °l'Zrred ovif^^^^^^^ magnesium sulfate and the 

a colorless oil. 

'",T^''°""li.';S5i...H,. 0.87,d.,.H,, 1.2«S,9H,, ,.37,s.9H,, «4,.,3H, 3.=,(br.,H,. 5.,9(d.1H,. e.72- 
,s (s,1H).7.92(s.lH) 
Mass 448(M+) 

[Example 22] 

,0 Synthesis of 5-Acetov^/-P 2-Diisoamvl-4.6- n■-w.■R.■tv■-2■3.Dlhvdrobenzofuran 

Sa,n,M.^«^W2*d,h%,oben^^^^ [15.5 0 (yiold. 95%)1 .s a colo-les, 0,1. 
„ '".Tp"/°"*a8Wl'2H,, 1.04.1.93,,.,.0H, 1.28,a,9H, 1.35,S,9H, 2.25,S,3H,, 3.1 4,S.2H, 6.67,s.l H, 
IR (cm-i) 2956. 1784 
Mass 430(M+) 

[Example 23] 

o,..K..,c p .■r..i.namvl-4.6-Di- rprNButvl-5-Hvdroxy-2.3-Dihvdrobenzofuran (Compound z) 

. • hvHriri^ M 90 a> was suspended in tetrahydrofuran (200 ml) under a nitrogen 
Lithium aluminum hydrde (1.90 9> ^ ...^g.^.b^^^ (17.4 g) in 

^i:::rra«rd sroaTJe:rr.:vxC-V3-4_^^ m . i^. 57.... as , 

colorless oil. 

.HNMM270MH..CDOW^^^ 
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45 



SO 



6 ppm 

IR (cm-n 3652, 2956 
Mass 388(M-^) 
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[Example 24] 

Synthesis of 4.6-Di-reff- Butyl-5-Hvdroxv-2.3-Dihvdroben2ofuran 
1) Synthesis of 4-Acetoxv -3.5-Di-feff-Butvl-2-(2-Propenvl^ anisnlA 

p^iSvSHH-— — ^^^^ 

NMR (270MH2, CDCI3) 

" ' (m 'HTeWs'lH)''"^' ^ ^«<^'3H). 4.88-5.02(m.2H). 5.89-6.02- 

Mass 318(M+) 



10 



2) S ynthesis of 4-Acetoxy-3,5-Di-ferf-Butvl-2-Formvlm ftthyi^nicr.i^ 

20 ' ' 

30 Mass" 32oTm ')"^" ' ^ ^^O^^'^")' « «9<^-l H). 9.63(bs.1 H) 

3) Synthesis of 5-Acetoxy-4.6-Di-ferr-Butylbenzofuran 

NMR (270MHz, CDCI3) 

mSs"' Sm^' '•^«<^-^"-^ = 2.3Hz). 7.46(s.1H). 7.55(d.1 H.J = 2.3Hz) 

m.p. 87.7 'C 



45 



so 



ss 



4) Synthesis of 4.6-Di-feff.B utyl-5-Hvdroxvbenzofuran (Compound 

atmii!J.r« ^l"""?!" ''^^'"'^^ ^^-^^ 9^ ""^^ suspended In tetrahydrofuran (150 ml) under a nitrogen 
atmosphere. A solution of 5-acetoxy-4.6-di-ferf-butylbenzofuran (10 g) in tetrahydrofuran tl 00 m was 

cooS 17""' T ""'"^ •^"^""S '^"^^ f^««''"9 -der reflux for 3 i U i was 

Z«rJ2 °°"V»«7«^«*"^« after addition of water and 10o/„ aqueous HCI (100 ml) the mSu^e was 

? CO entrSr^^^^^ '""l ZT'' ''''' '^'"^^ magnes'm" ulS 

ana concentrated. The concentrate was purified by silica gel chromatography (10% ethvl acetate in n 
hexane) to afford 4.6-di-ferNbutyl-5-hydroxybenzofuran [8.3 g (yield, 98%)L ethyl acetate ,n n- 
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JO 



J5 



Synthesis of 4.6-Di-feff-Butvl-5-Hvdroxy- 2.3-Dihvdroben2ofuran (Compound a) 

4.6-Di-ferf-butyl-5-hydroxybenzofuran (6.0 g) was dissolved in acetic acid (f ^"^')- ^««;^f ^'f " 
Pd on carbon (5.0 g). the solution was stirred under a hydrogen atmosphere (4 atr..) for 15 mm. After 
filinna oHthe Pd on carbon, the filtrate was concentrated under vacuum. The concentrate was punfed by 
sllicrgel rhromatography (10% ethyl acetate in n-hexane) to afford 4.6-di-ferr-butyl-5-hydroxy-2.3- 
dihydrobenzofuran [4.4 g (yield, 73%)] as a colorless, fine-grained crystal. 

[Example 25] 

Synthesis of 4.6-Di-feff-Butvl-5-Hvdroxy-2- Octvl-2,3-Dihydrobenzofuran 
u Synthesis of 5-Acetoxy-4.6-Di-teff-But vl-2-Formvlbenzofuran 

PhosDhorus oxychloride (1.1 g) was added dropwise to N.N-dimethylformamide (0.4 g) under cooling 
vvith ice and slbseq^^^^^^^ a so.Sion of 5-acetoxy-4.6-di-/erf-buty.benzofuran (1.0 g) .n N.N-d.r.ethy^for- 
mam de (2 ml) was added dropwise. The mixture was stirred first at room temperature for 20 m.n, then 
TdTr heiting at S-C for 75 min. After cooling, the reaction mixture was poured into water and subiected 
♦^ oJtr^^tinn rhvl acetate The organic layer was washed with water and saturated brine, dried over 
.0 l°nhyd u Igne iu^^^^^^^^^ The concentrate was purified by silica gel c;;ornatograp y 

(10% ethyl acetate in n-hexane) to afford 5-acetoxy-4.6-di-ferf-butyl-2-formylbenzofuran [0.95 g (yield. 
86%)] as a colorless, fine-grained crystal. 

'^TpT"*iS«^.=4<s,9H,, 2.37B.3H,. 7.57,S.1H,, 7.e3,s.^ 

26 Mass 316(M+) 
m.p. 159.9*C 

2) Synthesis of S-Acetoxv-4.6-Di-feff-Butyl-2 -n-Octenvl)benzofuran 

A oentane solution (6.0 ml) of 1.6 M n-butyllithium was added dropwise to a solution of n-heptyl- 

wL suWeld to e>JraSon with ethyl acetate. The organic layer was washed with water and sa turat^ 
r'ne dHed ove anh^ -agnesium sulfate and concentrated. The -o-^--lf;'^^f'^';^J';[ ^'^X 
chror;atography (10% ethyl acetate in n-hexane) to afford 5-acetoxy-4.6-d.-ferf-butyl-2-(1-octenyl) 
benzofuran [3.1 g (yield. 97%)] as a colorless oil. 
„ '"rpTJ'°Tw,w'. .5-1.5„..8H,. ,.37,S,9H,: V«<s,OH, 2.31,s,eH,. 2.5n-,2H,. 6.10,m,,H,, e.27. 
(m.lH). 6.67(s.1H), 7.33(s,1H) 
Mass 398(M+) 

3^ Synthesis of 5-Acetoxv-4.6-Di-ferf-B utvl-2-Octvlbenzofuran 

5.Acetoxv-4 6-di-fert-butyl-2-(1-octenyl)benzofuran (3.1 g) was dissolved in ethyl acetate containing 
10% a^et racid (50 ml) and! after addition of 10% Pd on carbon (0.3 g). the solution was stirred under a 
10 /o «'=®t'*=^^^''l^^^"'"''^3" Altering off the Pd on carbon, the filtrate was concentrated under 

arurr rc:n^^^^^^ :as p"y Ica ge, chromatography (10% ethyl acetate in n-hexane) to 
50 Sord 5-acetoxy-4.6-di-ferf-butyl-2-octylbenzofuran [2.95 g (yield. 96%)] as a colorless oil. 

'^Tpm^'°''ai(S:^.17-1.57(m.12H). 1.35(s,9H). 1.47(S.9H). 2.29(s.3H). 2.70(t.2H.J = 7.0Hz). 6.56- 

(S.1H), 7.35(s,1H) 
Mass 400(M+) 
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4) Synthesis of 4.6-Di-te/-f-Butvl-5-Hydroxv2-Octylben2ofuran 

LitWum aluminum hydride (0.26 g) was suspended in tetrahydrofuran (50 ml) under a nltrooen 
s waTSS'ed tol: 5-acetoxy-4 6-di-re.r-butyl-2-oc.y.benzofuran (2.7 J) in J^^Z^.n ^^ 

5 was added to the suspension under cooling with ice. After heating under reflux for 3 h the mixture was 
cooked to room temperature and water was added dropwise. After adding 10% aqueous HCI So mf) ^he 
mixture was subiected to extraction with ethyl acetate. The organic layer was dried over anhydrous 
I '""^ concentrated. The concentrate was purified by silica gel chromatography ( 0% 
ethyl acetate .n n-hexane) to afford 4.6-di-ferf-butyl-5-hydroxyben2ofuran [2.2 g (Jield. 92%)] as a clrless 

'H NMR (60MHz, CDCI3) 

5 ppm ° ^20-1•53(nn.12H). 1.45(s.9H). 1.61(s.9H). 2.67(t.2H.J = 7.OH2). 5.03(s.1H). 6.58- 

(S»l M), 7.21 (S,1H) 
Mass 358(M+) 
IS IR (cm-') 3384. 2928 

5) Synthesis of 4.6-Di-fe/-f-Butyl-5-Hvdroxv2 -Octyl-2.3-Dihvdrobenzofuran (Comp ound 

,n trf. f"') ^as added to 4.6-di-ferf-butyl-5-hydroxy-2-octylben2ofuran (2.2 g) and 

o iTT ^^-^ '"'^ *° '^"^ '"''^"^^ -"^^ 'ce- After stirring a 0 - C 

or 1 h. the mixture was poured into ice water and subjected to extraction with ethyl acetate. The organic 
^yer was washed w,th a saturated aqueous solution of sodium hydrogen carbonate dried over anhydrous 

trard 4 6 di iVVh" t T.TT'^o P-'««d by smca gel chromatography (n-hLrel 

to afford 4,6-di.fert-butyl-5-hydroxy-2-octyl-2.3-dlhydrobenzofuran (0.6 g (yield. 27%)]. " ' 



25 



30 



[Reference Example 22] 

Synthesis of 4-Acetoxv-2-Acetonvl-3,5-Di-ferf-Butylanisole 



rnn.^5nn r ""^^"'"^^S 9>/"d ^°PPe^ chloride (16.5 g) were added to a solvent system (88 ml) 
cons sting of a 7:1 mixture of N.N-dimethylformamide and water under an oxygen atmosphere and the 
resu ting mixture was stirred at room temperature for 1 h. Subsequently, a solution of 4-acetoxy!3 5-di ferf 
butyl-2-(2-propenyl)phenol (53.2 g) in a solvent system (48 ml) consisting of a 7:1 r^Sire of N N- 
3S TA^'r ZlZ "'''^^ ""'"^""^ "^"^^ «t room temperature for 48 

Lir« J r ♦h , ?f ^'^'^^^ Which was then subjected to 

;;^Sn , ^""^T- '^^^^ ^^^'^^^ w^'^^ ^^turated brine, dried over 

(Xi ZZi .^Tr'^ '"k T concentrated. The concentrate was purified by silica gel chromatography 
lAM^ T .n n-hexane) to afford 4-acetoxy-2-acetonyl-3.5-di-terf-butylanisole [33 g (yield. 59%)] 
as a colorless, fine-grained crystal. i y vy ^<»;j 

40 NMR (270MH2. CDCI3) 

Mass 334(M+) 
nn.p. 133.2'C 
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[Reference Example 23] 

Synthesis of 4-Acetoxy-2-[4.(1.3-Dioxa-2.Cyclopentv l )-2-Hydroxv-2-Methylbutvn-3.5-Di-terf-Butvlanisole 

rft«^.^^°'"H°" °^2■(2-bromoethyl)-1.3-dioxane (50 g) in tetrahydrofuran (200 ml) was added to magnesium 
Hi JlrfT ^ atmosphere to prepare a Grignard reagent. A solution of 4-acetoxy-2-acetonyl-3.5- 

f " oom tmZ? rtyj^^^"'-^" <200 added dropwise to the reagent. After stimng the mixture 

at room temperature for 3 h. a saturated aqueous solution of ammonium chloride was added and the 

Lnd K T T^ '° TT'^'' ''"^ ^^"^ 'ay«^ >-««hed with water 

and saturated bnne. dned over anhydrous magnesium sulfate and concentrated. The concentrate was 
purified by silica gel chromatography (33% ethyl acetate in n-hexane) to afford 4-acetoxy.2-[4-(1 .3-dioxa-2- 
5^^ NMR JSomh^ ^^^-^ ^ ^^""^ ^ 
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5ppm 1.33(s.9H). 1.36(s.9H). 1.38(S.3H). 1.52-1 .89(m.4H), 2.28(s.3H). 3.26(s.2H). 3.73-3.88(m.2H). 

3.82(s,3H), 4.06-4.1 5(m.3H). 4.56(1.1 H). 6.82(s.1H) 
Mass 436(M+) 

5 [Example 26] 

Synthesis of s-Acetoxy-2-[2-(1.3-Dioxa-2-Cyclopentvl)ethyl]-4 .6-Di-feff-Butyl-2-Methvl-2,3-Dihydroben- 
zofuran 



JO 



15 



20 



4-Acetoxv-2-[4-(1 3-dioxa-2-cyclopentyl)-2-hydroxy-2-methylbutyl]-3.5-di-fert-butylanisole (27.9 g) was 
dissolved in dichloromethane (200 ml) and trimethylsilyl iodide (12.8 ml) was added dropwise to the solution 
under cooling with ice. After stirring the mixture at room temperature for 5 min. a saturated aqueous 
solution of sodium thiosulfate was added and the mixture was subjected to extraction with chloroform. The 
oroanic layer was washed with water and saturated brine, dried over anhydrous magnesium sulfate and 
concentrated. The concentrate was purified by silica gel chromatography (25% ethyl acetate in n-hexane) to 
afford 5-acetoxy-2-[2-(1.3-dioxa-2-cyclopentyl)ethyl]-4.6-di-rerf-butyl-2-methyl-2.3-d.hydroben20furan [17.3 

g (yield. 67%)] as a colorless oil. 

'^Tm^^'°TSis''9H?i.36(s.9H). 1.37(s.3H). 1 .69-1 .83(m.4H). 2.29(S.3H). 3.06-3.33(m.2H). 3.75(t.2H). 
4.07-4.1 3(m,2H). 4.51-4.56(m,1 H). 6.70(s,1H) 
Mass 404(M+) 



[Example 27] 

25 Svnthesisof5-Acetoxv-4.6-Di-ferf-Butvl-2-(2-Form vlethvl)-2-Methyl-2.3-Dihydrobenzofuran 

5-Acetoxy-2-[2-(1 .3-dioxa-2-cyclopentyl)ethyl]-4.6-di-tert-butyl-2-methyl-2.3-dihydrobenzofuran (1 7.3 g) 
was dissolved in 80% acetic acid (150 ml) and the solution was heated under reflux for 1 h. After coo ng 
the solution, the acetic acid was distilled off under vacuum and. after addition of water, the ""esulfng mixture 
was extracted with ethyl acetate. The organic layer was washed with water and saturated br.ne. then dried 
over anhydrous magnesium sulfate and concentrated. The concentrate was purified by silica gel chromatog- 
raphy (25% ethyl acetate in n-hexane) te afford 5-acetoxy-4.6-di-ferf.butyl-2-(2.formylethyl)-2-methyl-2.3- 
dihydrobenzofuran quantitatively (15.53 g) as a colorless oil. 

35 ^^Tm^''T.3oUH?1.37(s.9H), 1.39(s.3H). 1 .91-2.12(m.2H). 2.30(s.3H). 2.59(q.2H). 3.13.3.32(m.2H). 
6.71 (s,1H), 9.78(s.1H) 
Mass 360(M+) 



30 



40 



45 



50 



[Example 28] 

Synthesis of 5-Acetoxv-4.6-Di-fe^^Butvl-2-(4-Ethoxycarbonvl■4■Methyi•3(E)■Butenyl^ ^^ 
Dihydrobenzofuran 

5-Acetoxv-4 6-di-fe^^butyl-2-(2-formy!ethyl)-2.methyl-2.3-dihydroben20furan (15.5 g) and ethyl 2- 
(tripheXhosphorany.idene)propL^ (32.4 g) were dissolved in benzene (250 ml) and the -^^^o.^^ 
heated under reflux for 1 h. After cooling, the solution was subjected to extraction with ethyl acet^ jd the 
oSn^ layer was washed with water and saturated brine, then dried over anhydrous nnagnes.um sulfate and 
^onc^Si^ The concentrate was purified by silica gel chromatography (10% diethyl ether m n-hexane to 
Tord a « (2.4 g) containing 27o/o Z-form and 5.acetoxy.4.6-di-ferf.butyl-2-(4.ethoxycarbonyl-4- 
methyl-3(E)-butenyl)-2-methyl-2.3-dihydroben2ofuran (13.2 g) as a coloriess oil. 

1H NMR (270MH2. CDCI3) ^, ,^ ^ ^ . . . ^ o 00 

5 ppm 1 .28(t,3H. J = 7.3Hz). 1 .30(s,9H). 1 .37(s.9H). 1 .41 (s.3H^ "^.^.f "J^'fi 7P 6 ^Sm 1 m 
(m,2H). 2.30(s.3H). 3.11-3.34(m,2H), 4.18(q.2H.J = 7.3Hz). 6.73(s.1H). 6.72-6.78(m.1 H) 

Mass 444(M+) 
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[Example 29] 

Synthesis of 5-Acetoxy-4.6-Di-ferf-Butvl- 2-(5-Hydroxv-4-Methyl-3(E)-PentenvH-2-M ethvl-2.3.DihvrtrnhAn. 

zofuran ' ~ 

5-Acetoxy-4.6-di-ferf-butyl-2-{4-ethoxycarbonyl-4-methyl-3(E)-butenyl)-2-methyl-2,3-dihydroben20furan 
(13.2 g) was dissolved In benzene (250 ml) and a tetrahydfofuran solution (60 ml) of 1 M 
diisobutylaluminum hydride was added dropwise to the solution under cooling with ice. After stirring the 
mixture for 1 h, a saturated aqueous solution of ammonium chloride was added and the mixture was 
subjected to extraction with ethyl acetate. The organic layer was washed with water and saturated brine 
dried over anhydrous magnesium sulfate and concentrated. The concentrate was purified by silica gel' 
chromatography (33% ethyl acetate in n-hexane) to afford 5-acetoxy-4,6-di-fe/-r-butyl-2-(5-hydroxy-4-meth- 
yl-3(E)-pentenyl)-2-methyl-2.3-dihydrobenzofuran [3.9 g (yield. 33%)] as a colorless oil. In addition 4 6-di- 

ferf-butyl-5-hydroxy-2-(5-hydroxy-4-methyl-3(E)-pentenyl)-2-methyl-2.3-dihydrobenzofuran [4 2 q (yield 
39%)] was obtained as a colorless oil. a v/ . 

5-Acetoxy-4.6-Di-teff-Butvl -2-(5-Hydroxv-4-Methvl-3(E)-Pentenyl-2-Methyl-2.3-Dihvdrobenzofuran 
NMR (270MHz, CDCI3) 

«ppm 1.30{s.9H). 1.37(s.9H), 1.44(s.3H). 1.64(d.3H). 1 .68-1 .80(m,2H). 2.05-2.22(m.2H). 2.29(s 3H) 

3.08-3.34(m,2H), 3.97(bs,2H), 5.41(m.1H). 6.73(s,1H) 
Mass 402(M+) 

4.6-Di-ferf-Butyl-5-Hydroxv -2-(5-Hydroxv-4-Methvl-3(E)-Pentenvl)-2-Methyl-2,3-Dihvdroben2ofuran 
'H NMR (270MH2, CDCIa) 

«ppm 1.39(s.3H), 1.41(s.9H). 1.49(s.9H). 1.65(s,3H). 1 .69-1 .76(m.2H), 2.12-2.20(m.2H), 317- 

(d,1H,J = 15.5Hz), 3.30(d,1H,J = 15.5Hz), 3.98(bs,2H), 4.70(s,1H), 5.42(m.1H), 6.63(s.1H) 
Mass 360(M+) 
IR (cm-') 3648, 3440, 2964 

[Example 30] 

^y""^®°'^ °! 5-Acetoxv-2-(5 -Chloro-4-Methyl-3(E)-Pentenyl)-4.6-Di-re/-f-Butvl-2- Methvl-2.3-Dihvdmhftn. 

zofuran " 

N-Chlorosuccinimide (150 mg) was suspended in dichloromethane (4 ml). After adding dimethyl sulfide 
(0.1 ml) dropwise at -5-C, the suspension was stirred for 15 min. Subsequently, a solution of 5-acetoxy-4 6- 
di-ferf-butyl-2-(5-hydroxy-4-methyl-3(E)-pentenyl)-2-methyl-2.3-dihydrobenzofuran (0.4 g) in dich- 
loromethane (1 ml) was added dropwise and the resulting mixture was stirred at -5 • C for 90 min. After the 
end of the reaction, dichloromethane was distilled off under reduced pressure and the concentrate was 
purified by silica gel chromatography (25% ethyl acetate in n-hexane) to afford 5-acetoxy-2-(5-chloro-4- 

methyl-3(E)-pentenyl)-4,6-di-fert-butyl-2-methyl-2,3-dihydrobenzofuran [0.3 g (yield. 70%)] as a colorless 
oil. 

'H NMR (270MHz, CDCI3) 

ippm 1.30(s,9H). 1.37(s,9H), 1.43(s.3H). 1.72(d.3H). 1.78(m.2H), 2.17(m.2H). 2.29(s,3H), 3.15-3 34- 

(m,2H), 3.98(s.2H). 5.53(m,1H). 6.73(s.1H) 
Mass 422(M + 2), 420(M+) 

[Example 31] 

Synthesis of 5-Acetoxv-4.6- Di-terf-Butyl-2-Methyl-2-(6-p-Toluenesulfonvl-4.8.12- Trimethvltririftna-a/F\ 7(E)- 
,1 1 -Trienyl)-2.3-Dihydrobenzofuran i—i^ 

3.7-Dimethyl-l-(p-toluenesulfonyl)-2(E),6-octadiene (0.26 g) synthesized in the usual manner was dis- 
solved in a solvent system (2 ml) consisting of a 4:1 mixture of tetrahydrofuran and hexamethylphosphoric 
triamide. After adding a pentane solution (0.55 ml) of 1.6 M n-butyllithium at -78 'C. the mixture was stirred 
for 2 h. Subsequently, a solution of 5-acetoxy-2-(5-chloro-4-methyl-3(E)-pentenyl)-4,6-di-fert-butyl-2-methyl- 
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2 3-dihydrobenzofuran (0.3 g) in tetrahydrofuran (1 ml) was added dropwise at -78 -C and the mixture was 
stirred for 4 h. After the end of the reaction, a saturated aqueous solution of ammonium chionde was added 
and the resulting mixture was extracted with ethyl acetate. The organic layer was washed with water and 
saturated brine, then dried over anhydrous magnesium sulfate, and concentrated. The ^o"centra e was 

purified by silica gel chromatography (25% ethyl acetate in n-hexane) to f^'^.^^^'^^'^''^^^^^^^^^ 
2-methyl-2-(6-p-toluenesulfonyl-4.8.12-trimethyltrideca-3(E).7(E).11-tnenyl)-2.3-d.hydrobenzofuran [0.26 g 

' (yield. 55%)] as a colorless oil. 

'^T/'°T.21%?H?^29(s.^ 1.36(s.9H). 1.39(s.3H), 1.47(m.4H). 1.52(s.3H). 1 ^58(s 3H, 1 67(s^H). 

1 93-2.12 m.4H). 2.22(d.1H). 2.29(s.3H). 2.42(s,3H). 2.85(d.1H). 3.17(m.2H), 3.87(m 1H). 4.88- 
(d.lH). 5.02(m.1H). 5.15(m,1H), 6.71(s.1H). 7.29(d.2H.J = 7.26Hz). 7.71(d.2H.J =7.26Hz) 
Mass 676(M+) 

(Example 32] 

Synthesis of 5-Acetoxy-4.6-Di-fe/-f-Butyl-2-Methvl-2-(4,8.1 2-Trlmethyltrideca-3(E).7(E).1 1-Trienyl)-2.3- 
Dihydrobenzofuran 

5-Acetoxy-4 6-di-ferf-butyl-2-(6-p-toluenesulfony 1-4.8.1 2-trlmethyltrideca-3(E),7(E).11-trienyl)-2,3- 
20 dihydrobenzofur'an (0.26 g) was dissolved in tetrahydrofuran (2 ml) under a nitrogen atmosphere. Palladium 
chloride [1 ,4-bis(diphenylphosphono)butane] complex (23 mg) prepared in the usua manner was added to 
L soluton at O'C; thereafter, a tetrahydrofuran solution (0.76 ml) of 1 M lithium triethylborohydnde was 
added dropwise and the mixture was stirred for 24 h at -20 'C. After the end of the reac^on. a saturated 
aqueous solution of ammonium chloride was added the resulting mixture was extracted with ethyl acetate^ 
25 The organic layer was washed with water and saturated brine, dried over anhydrous magnesium and 
concenLed. The concentrate was purified by silica gel chromatography (10% ethyl acetate m n-hexane) to 
SoS 5-acetoxy-4.6-di-fe^^butyl-2-methyl-2-(4.8.12-trimethyltrideca-3(E).7(E).11-trlenyl)-2.3-dlhydroben- 

zofuran [0.1 1 g (yield. 55%)] as a colorless oil. 

30 '^Tm'''T.yo;s?H).'1.37(s.12H). 1.43(s.3H). 1.59(S.6H). 1.67(s.3H). 1 .98-2.1 1(m.12H). 2.29(s.3H). 3.07- 

3.35(m,2H). 5.10{m,3H). 6.73(s,lH) 
Mass 522(M+) 
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[Example 33] 

Synthesis of 4.6■Di-fe^^Butvl■5-Hydroxv-2-Methyl-2-(4.8.12-Trimethy ltrideca-3(E)J(E)^ 
Dihydrobenzofuran (Compound a) 

Lithium aluminum hydride (8 mg) was suspended in tetrahydrofuran (3 rrjl) ""Jj^; ^"'f ^J' 
mosphere A solution of 5-acetoxy-4.6-di-ferf-butyl-2-methyl-2-(4.8.12-trimethyltr.deca-3(E).7(E).11-tnenyl)- 
2 3-dihydrobenzofuran (0.11 g) in tetrahydrofuran (2 ml) was added dropwise to the suspension under 
cooling with ice. After heating under reflux for 3 h, the mixture was cooled to room temperature and water 
was added dropwise. Following addition of 10% aqueous HCI, the mixture was subjected to extraction with 
ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate and concentrated. The 
foncenTal was purified by silica gel chromatography (n-hexane) to ^^^^l^^''^-^^^^^^ 
methyl-2-(4.8.12-trimethyltrideca-3(E),7(E).11-trienyl)-2.3-dihydrobenzofuran [70 mg (yield, 69/«)] as a color 

less oil. 

1H NMR (270MHz. CCK^b) ^^^^^ ^^^ ^ ^^^^^^^ ^ ^^^^ ^^^ ^ ^^^^^^^ ^ ^^^^ 1 .90-2.1 4(m.12H). 
3.15(d.lH,J = 15.7Hz), 3.31 (d.1H.J = 15.7Hz). 4.68(s,1H), 5.10(m.3H). 6.63{s.1H) 
Mass 480(M+) 
IR (cm-') 3648, 2964 

[INDUSTRIAL APPLICABILITY] 

The compounds of the invention that are represented by the general formula (I) have a highly selective 
anti-oxidative activity and are useful as therapeutics of ischemic diseases such as '"V^'^^^^J'^' f 
cerebral apoplexy and arteriosclerosis. The compounds of the invention that are represented by the general 
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formula (II) are Intermediates suitable for producing the compounds of the general formula (I). 



Claims 



5 



1. A compound represented by the general formula (I): 




t-Bu 



10 



R^O 



(I) 



75 



t-Bu 



where is a hydrogen atom or an acyl group; R2 is a lower alkyi group; R3 is a hydrogen atom or a 
lower alkyI group; R*. R^ and R^ which may be the same or different, are a hydrogen atom or an 
optionally substituted alkyl. alkenyl. alkynyl or aryl group; R2 and R^ when taken together, may form a 
5-membered ring: R^ and R^. when taken together, may form a cycloalkyi group or a heterocyclic 
group in which at least one methylene on the ring of a cycloalkyi group is substituted by an oxygen 
atom, a sulfur atom or an alkyl-substituted nitrogen atom, provided that R^ is not present if the ring 
formed by R^ and R* taken together Is a benzofuran ring. 

2. A compound represented by the general formula (II): 



where R3 has the same meaning as defined above; A is a protective group; R« is a hydrogen atom or a 
lower alkyl group; and m is an integer of 0 or 1. 
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